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1 .O SUUMARY 

An i n i t i a l  study of t h e  r e s i s t o j e t  assembly was conducted. P re l im ina ry  design 
requirements were es tab l i shed based upon i n i t i a l  t echn ica l  requirements 
imposed by t h e  r e s u l t s  o f  NASA studies and Rocketdyne s tud ies .  The requ i re -  
ments a re  d i r e c t e d  toward long l i f e ,  s i m p l i c i t y ,  f l e x i b i l i t y ,  and comnonality 
with o the r  Space S t a t i o n  components. 

The r e s i s t o j e t  assembly i s  comprised of  e i g h t  r e s i s t o j e t s ,  f l u i d  components 
downstream o f  the waste f l u i d  storage system, a power c o n t r o l l e r ,  s t r u c t u r e ,  
and sh ie ld ing .  The assembly consists o f  two i d e n t i c a l  subassemblies, one o f  
which i s  redundant. Each subassembly cons is ts  o f  f o u r  5OO-W r e s i s t o j e t s ,  
se r ies  redundant l a t c h  valves, a power c o n t r o l l e r ,  a water vaporizer, two 
pressure regu la to rs ,  f i l t e r s ,  check valves, disconnects, f l u i d  tub ing ,  and 
e l e c t r i c a l  cables. A l l  components a re  packaged a t  the end o f  t he  s t i n g e r  a f t  
o f  t h e  X U  and Columbus modules. 

D i f f e r e n t  f l o w  and power con t ro l  methods were studied. A constant i n l e t  
pressure and a two-power s e t t i n g  c o n t r o l l e r  were t e n t a t i v e l y  selected based 
upon s i m p l i c i t y  and reasonably high s p e c i f i c  impulse f o r  t he  range o f  waste 
gas compositions t h a t  are an t ic ipa ted .  The constant  pressure i s  suppl ied by 
pressure regu la to rs .  The two s e t  p o i n t  power c o n t r o l  includes i n d i v i d u a l  
power suppl ies t o  each r e s i s t o j e t  heater and water vapor izer.  An embedded 
data processor, a mult ip lexer-demult ip lexer,  and a network i n t e r f a c e  u n i t  t h a t  
a re  standard Space S t a t i o n  components a re  inc luded i n  t h e  power c o n t r o l l e r .  

The t o t a l  d r y  weight of the r e s i s t o j e t  assembly i s  approximately 172 l b .  The 
t o t a l  cos t  f o r  design, development, t e s t ,  eva lua t ion ,  q u a l i f i c a t i o n ,  and 
f l i g h t  hardware i s  est imated t o  be $16 m i l l i o n .  

Recomnended a d d i t i o n a l  s tud ies  t o  be conducted p r i o r  t o  Phase C/D are: 

Conceptual design and analyses o f  r e s i s t o j e t  assembly 

0 Control  system study 

0 Cost update . 



2,O INTRODUCTION 

The f u n c t i o n  o f  t he  r e s i s t o j e t  assembly i s  t o  generate as much as poss ib le  o f  
t h e  impulse required t o  o f f s e t  atmospheric drag by d isposal  o f  as much as 
poss ib le  o f  t he  waste f l u i d s  on t h e  Space S ta t i on .  The r e s i s t o j e t  assembly 
reduces the  propuls ion requirements and prov ides a backup f o r  t he  h igh - th rus t  
02/H2 propuls ion system, w h i l e  reducing the  o v e r a l l  opera t iona l  cos t  o f  
t h e  Space Sta t ion  by min imiz ing the  q u a n t i t y  o f  waste f l u i d s  t h a t  must be 
brought back t o  ear th .  

A cold-gas disposal  system could p rov ide  the  same func t ions  as the  r e s i s t o j e t  
assembly w i thout  i n c u r r i n g  the costs  associated w i t h  design, f a b r i c a t i o n ,  and 
t e s t  o f  r e s i s t o j e t s  and power c o n t r o l l e r s .  However, t h e  r e s i s t o j e t  assembly 
o f f e r s  major advantages over a cold-gas system t h a t  o f f s e t  t he  h igher  i n i t i a l  
cos t .  The r e s i s t o j e t  assembly prov ides over two t imes t h e  impulse f o r  t he  
same q u a n t i t y  of f l u i d .  Heat ing the  waste f l u i d s  p r i o r  t o  expansion through a 
h igh  area r a t i o  nozzle, which i s  t he  f u n c t i o n  o f  t h e  r e s i s t o j e t ,  e l im ina tes  
two-phase f l o w  o f  waste gas i n  the  nozzle. Two-phase f l o w  can r e s u l t  i n  
p a r t i c u l a t e  matter s t i c k i n g  t o  Space S t a t i o n  surfaces. I n  add i t i on ,  t h e  
heated f low i n  the h igh  area r a t i o  nozzle can be accelerated t o ,  o r  near, f r e e  
molecular  f low which near l y  e l im ina tes  backf low and minimizes contaminat ion o f  
t h e  l o c a l  environment. 

The o b j e c t i v e  of the study t h a t  i s  repor ted was t o  (1) e s t a b l i s h  p re l im ina ry  
techn ica l  and design requirements f o r  the  r e s i s t o j e t  assembly, ( 2 )  de f i ne  
i n te r faces ,  ( 3 )  develop a design concept, and ( 4 )  i d e n t i f y  candidate compo- 
nents o f  t he  assembly. The e f f o r t  was conducted du r ing  June t o  October 1986. 
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3.0 TECHNICAL REQUIREMENTS 

Primary technical requirements for the resistojet assembly, which have been 
defined by initial NASA and contractor studies, are s u m r i z e d  in this sec- 
tion. 
specification for the resistojet assembly presented In the Appendix. The 
following technical requirements have been used In defining the preliminary 
resistojet assembly. 

These evolving requirements are intended for inclusion in the top-level 

3.1 FLUIDS 

The waste fluids include argon, carbon dioxide, carbon dioxide/methane mix- 
tures,'helium, hydrogen, nitrogen, krypton, water, oxygen, and cabin air. 
Contaminant species are undef ined.1 

The resistojet assembly must accept all non-toxic, non-particulate containing 
waste gases, both as mixtures and as single species, as defined in Table 1 
for 90 day accumulations for the 1OC and growth Space Stations.1 
of water, oxidizers, and contaminants are as yet undefined. 

Quantities 

The fluid levels based upon the Bosch ECLSS are baselined, A final selection 
between the Bosch and Sabatier processes will be made by mid-7987. 

3.2 POWER 

The maximum power required by the resistojet assembly during operation shall 
not exceed 2 kW. 

3.3 LIFE 

The resistojet assembly shall be designed to require no scheduled maintenance 
for at least a 10-year period i n  space. The operating life shall be at least 
10,000 h. 

3.4 EVA 

The design of the resistojet assembly shall minimize EVA time for deployment 
and (nonscheduled) maintenance. 

1R. Tacina et al., "Conceptual Design and Integrations o f  a Resistojet 
Module Aboard the I.O.C. Space Station," NASA-LeRC, DIR 159, 24 July 1986. 
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TABLE 1 

WASTE GAS SUMMARY 
( l b m  per 90 days) 

FLUtD : 1995 I 1996 ; 1Ost I 1998 I 1999 1 2ooo I 2001 ; 2002 ; po3 ; 2004 
1-I- ;-;-;-;- :-:- I-;- 

I I I I (SABATIER) 1 I : I : : 
I : I 

I 

ARGON 

C02 

I 403.2 I 415.5 I427.8 I 440.2 I 452.2 I 463.6 : 475.9 488.2 ; 500.4 

I 149.9 I 167.6 I 185.1 I 202.6 1 220.6 I 237.6 I 255.6 I273.6 : 290.6 
512.7 

309.6 I 
I I I I I I I I 

I I I I I I I I I I 

tELILM I 78.8 I 87.4 196.0 I 104.6 1 113.2 I 121.9 I 130.5 I 139.1 1 147.8 19.3 

HYDROEN I 35.7 : 40.0 : 44.5 I 48.8 I 53.1 I 57.6 161.9 I 66.2 70.7 75.0 1 
I I I I I I I I I I I 
I I 

wz/yTHAIp 935 I 1169 

NITRDGEN : 458 514.7 

KRYPTON I 19.8 1 19.8 
I-;- 

TOTALS: I2080.4 I2414.0 

I I 

I I 

I I I I I I I 

I 1169 11403 1 1403 I 1636 I 1636 I1870 I1870 

I 570.3 I 627 { 682.7 I 733.3 I 7% I 61.7 I 447.3 

I 19.8 I 19.8 I 19.8 I 19.8 1 10.8 : 19.8 I 19.8 
.;-;- I- :- I-' I-:- 

12512.5 12846.0 12944.6 W 5 . 8  13314.7 13708.6 13806.6 

I I 1 I I I I 
I 1 

I I I I I I I 

t I 

I 2104 I 

I - :  

: 10.8 ; 
.;-I 
14140.4 I 

I I 

I I 

FLUID I1995 I1996 I1997 I1998 I1999 I2OOO I2001 I 2002 I 2003 I2oM 
;---;- ;-;-;- ;-I-;-;-;-; 

1403.2 I 415.5 : 427.8 1140.2 I 452.2 I 463.6 i 475.9 I 488.2 500.4 1 512.7 I 

I 149.9 I 167.6 I 185.1 I 202.6 I 220.6 I 237.6 I 255.6 I273.6 290.6 I308 - 1  6 ' 

(BOSCH E M S ) :  I I I I I I 
I I I I 

I 

ARGON 

002 
I 1 I I I I I I I I I 

I I I I I I I I I I 

N L l W  I 78.8 I 87.4 1 96.0 104.6 113.2 I 121.9 I 130.5 139.1 I 147.8 I 1S.3 

HYDROGEN I 77.1 : 91.8 I 96.4 1 110.9 115.2 I 130.1 ! 134.4 : 149.0 I 153.5 I 168.2 I 

NITROGEN I 458 i 514.7 ; 570.3 627 682.7 I 739.3 7% : 851.7 I 907.3 I %4 

I I 1 I I I I 1 I I 
I '  I 

I I I I I I I I I I 
I 

I I I I I I I I I I I 

IRRYPTON I 19.8 : 19.8 I 19.8 I 19.8 I 19.8 I 19.8 : 19.8 I 19.8 I 19.8 I 19.8 ; 
1- ;-;-'-'- ;-I-' ,-I- ;-I 

TOTALS: Ill86.8 I1296.8 I1395.4 IlSO5.l 11603.7 Il712.3 :1811.2 I1921.4 12019.4 i2129.6 I 
4456-3 
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4.0 RESISTOJET ASSEMBLY DESIGN 

. 

Based on the NASA- and Rocketdyne-imposed technical requirements, the follow- 
ing preliminary overall design requirements were established: 

The resistojet assembly shall be as simple as possible, consistent 
with meeting life and reliability requirements. Specific impulse 
performance shall be compromised if necessary to provide simplicity 
and reduced parts count. 

The resistojet assembly will be comprised of components with minimum 
development requirements. Wherever practical, components and con- 

.. cepts that are comnon with other Space Station systems will be 
incorporated in the resistojet assembly. For example, if the waste 
fluid management system incorporates 1/2-in. latching valves of a 
specific concept, this same concept will be incorporated, if prac- 
tical, for 1/4-in. or 1/8-in. valves in the resistojet assembly. 
This should reduce overall cost to the Space Station program by 
reducing development and qualification cost by the selected 
supplier( 5 ) .  

Each resistojet must be capable o f  accepting reducing gas mixtures, 
oxidizing gas mixtures, and steam (but not simultaneously). Indi- 
vidual resistojets will not be dedicated to a given class of 
fluids. This requirement increases redundancy. 

The waste fluids are supplied to the resistojet assembly by the integrated 
waste fluid management system (WFMS), which consists of a collection subsystem 
and a storage subsystem. A simplifled schematic of the WFMS is shown in 
Fig. 1. The fluid interface of the resistojet assembly with the storage 
subsystem is just downstream of the parallel redundant shutoff valves for 
reducing gases, nonoxidizing gases, and water in the storage subsystem. 
components downstream of  the storage system shutoff valves are included in the 
resistojet assembly. 
included in the assembly upstream o f  the boom. The resistojet assembly 
includes disconnects, fluid lines and electrical lines along the boom. 

All 

The storage system shutoff valves are assumed to be 

A preliminary definition o f  the resistojet assembly is shown in Fig. 2. The 
assembly consists of two identical subassemblies, one of which is redundant. 
Each subassembly consists o f  four 500-W resistojets, a power controller, a 
water vaporizer, a pressure regulator, series redundant latch valves, filters, 
check valves, and disconnects. All components are close-coupled. Figures 3 
and 4 illustrate packaging concepts. In Fig. 3, the redundant latching valves 
are mounted on the power controller chassis, which results in a minimum size 
assembly. Other fluid components are located behind the power controller. In 
Fig. 4, the redundant latch valves are located between the resistojets and the 
power controller. This arrangement will provide better thermal isolation o f  
the controller from the resistojets, at an increased dimensional envelope. 
Detailed thermal analysis is required to select the most suitable packaging 
concept. 
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Figure 2. Resistojet Assembly 
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Figure 3. Resistojet Assembly, with Va lves  Mounted 
on Power Control Enclosure 

C 
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Figure  4 .  Resistojet Assembly, w i t h  Valves on 
R e s i s t o j e t  Mount P l a t e  
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The packaging concept a l lows replacement o f  one complete subassembly, if 
required. One f l u i d  connection and one e l e c t r i c a l  w i r e  harness connect t h e  
t w o  subassemblies (F ig .  2 ) .  This a l lows opera t ion  o f  r e s i s t o j e t s  i n  the 
redundant subassembly using t h e  f l o w  c o n t r o l  i n  t h e  pr imary subassembly i n  the  
event o f  r e s i s t o j e t  ma l func t ion  i n  t h e  pr imary subassembly. Up t o  f o u r  
r e s i s t o j e t s  w i l l  be operated simultaneously. Thus, increased f l e x i b i l i t y  i s  
gained a t  the expense o f  p ressu r i z ing  t h e  redundant subassembly w h i l e  the 
pr imary subassembly i s  operat ing.  An a d d i t i o n a l  va lve  i n  each subassembly a t  
t h e  disconnect between t h e  subassemblies could be added t o  e l i m i n a t e  pres- 
s u r i z a t i o n  o f  t h e  redundant subassembly. 

. The r e s l s t o j e t  assembly incorpora tes  pressure regu la to rs  f o r  f l o w  c o n t r o l  o f  
t h e  gases. Water f l o w  i s  c o n t r o l l e d  by the pumps i n  t h e  WFMS storage sub- 
system. Low-capacity, low-micron f i l t e r s  a r e  incorpora ted  a t  each f l u i d  
disconnect. The high-volume f i l t r a t i o n ,  I f  needed, w i l l  be accomplished i n  
t h e  c o l l e c t i o n  o r  storage subsystems. 

7 

One c o n t r o l l e r  I s  used f o r  each s e t  o f  f o u r  r e s i s t o j e t s .  The c o n t r o l l e r  
operates the r e s i s t o j e t  heaters, water  vapor izer,  and valves, w i t h  i n p u t s  from 
t h e  data management system (OMS), guidance nav iga t i on  and c o n t r o l  (GNLC), and 
h e a l t h  monitors.  The h e a l t h  moni tors  measure heater  res is tance,  which i s  a 
f u n c t i o n  o f  heater  temperature, and pressure, which i s  a f u n c t i o n  o f  r e s i s t o -  
j e t  f l o w  and pressure r e g u l a t o r  operat ion.  Heater res i s tance  I s  determined by 
measurement o f  t h e  vo l tage and c u r r e n t  f o r  each heater element. Heater 
res is tance ind ica tes  f l o w  as w e l l  as temperature f o r  an opera t ing  r e s i s t o j e t .  
An i n d i c a t i o n  o f  out-of - to lerance heater  res i s tance  du r ing  opera t ion  o f  a 
r e s i s t o j e t  w i l l  be used t o  te rmina te  opera t ion  o f  t h a t  r e s l s t o j e t .  

A p a r t s  count f o r  the r e s i s t o j e t  assembly i s  shown i n  Table 2. A t h i r d  sub- 
assembly i s  included f o r  an o r b l t a l  replacement u n i t  (ORU). 

The WFHS as shown includes th ree  se ts  o f  tanks t o  separate reducing gas, 
o x i d i z i n g  gases, and water. An a d d i t i o n a l  s e t  o f  tanks w i l l  be requ i red  if 
the waste gas Includes hydrocarbons. The r e s i s t o j e t  heat exchanger temper- 
a t u r e  must be reduced t o  approx imate ly  500°C f o r  opera t ion  w i t h  hydrocarbons 
t o  preclude decomposition and coking o f  the heat exchanger surfaces. Thus, 
s p e c i f i c  fnpulse performance i s  reduced f o r  ope ra t i on  w i t h  hydrocarbons. If 
the hydrocarbons are s to red  i n  t h e  same tanks as t h e  reducing gases, then t h e  
t o t a l  q u a n t i t y  of waste gas would be u t i l i z e d  a t  s i g n i f i c a n t l y  reduced 
s p e c i f i c  i r p u l s e .  An a l t e r n a t i v e ,  which i s  under study, i s  t o  r e a c t  a l l  t h e  
waste gases and store t h e  f i l t e r e d  reac tan ts  i n  a s i n g l e  s e t  o f  tanks. If 
t h i s  proves t o  be the optimum system, one of t h e  two pressure-regulated f l u i d  
l i n e s  i n  each subassembly shown I n  Fig.  2 can be e l im ina ted .  

10 



TABLE 2 
RESISTOJET PROPULSION MODULE COMPONENTS 

R ESISTOJ ET 
CONTROLLER 
LATCH VALVE 
CHECK VALVE 
PRESSURE REGULATOR 
WATER VAPORIZER 
FILTER 
DISCONNECT 
MANIFOLDING AND TUBING 
CABLES AND WIRING 
STRUCTURE 
THERMAL SHIELDING 
PRESSURE TRANSDUCER 

QUANTITY PER 
SUBASSEMBLY 

4 
1 

3 
2 
1 
3 
4 
1 
1 
1 
1 
2 

a 

TOTAL ON 
STAT1 ON 

12 
3 

24 
9 
6 
3 
9 

12 
3 
3 
3 
3 
3 

ONE SUBASSEMBLY PLUS ONE REDUNDANT SUBASSEMBLY COM- 
PRISE THE RESISTOJET ASSEMBLY. A THIRD SUBASSEMBLY IS 
ii4CiUDED AS AN ORBITAL REPLACEMENT LIP4IT. 

86D-13-1063A 
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5.0 CONTROL AND PERFORMANCE PARAMETERS 

Overa l l  c o n t r o l  requirements a r e  sumnarized i n  Table 3 .  This  s e c t i o n  compares 
candidate f l o w  and power c o n t r o l  methods t o  a r r l v e  a t  a p re l im ina ry  s e l e c t i o n .  

The temperature o f  t h e  r e s i s t o j e t  heater  must bc maintained below a maximum 
temperature o f  140OOC t o  achieve an opera t iona l  l i f e  I n  excess o f  10,000 h. 
I f  t h e  waste l i f e  gas conta ins methane o r  o the r  hydrocarbons, t h e  heat  
exchanger temperature must be reduced w e l l  below t h i s  value t o  prevent  carbon 
depos i t i on  on the heat  exchanger surfaces. Operat ion a t  t h e  maximum a l lowab le  
temperature w i l l  r e s u l t  i n  t h e  maximum s p e c i f i c  impulse f o r  any gas composi- 
t i o n .  Since t h e  gas heat i n p u t  equ iva len t  t o  t h e  power i n p u t  i s  

t h e  power required t o  reach a heater  temperature o f  1400"C, which i s  o n l y  
s l i g h t l y  h ighe r  than t h e  gas o u t l e t  temperature, i s  a f u n c t i o n  o f  t h e  gas 
f l o w r a t e  (W,) and s p e c i f i c  heat  ( C p g ) .  

The waste gas species w i l l  vary  du r ing  operat ion;  consequently, t h e  s p e c i f i c  
heat o f  t h e  gas f l o w  and t 5 e  power requ i red  t o  b r i n g  t h e  heater  temperature up 
t o  1400°C w i l l  vary. D i f f e r e n t  c o n t r o l  methods, sumnarized i n  Table 4,  a r e  
p o t e n t i a l l y  appl icable,  which c o n s t i t u t e  J t r a d e  between maximum s p e c i f i c  
impulse performance and complexi ty.  

The candidate contro l  methods can be grouped i n t o  two categor ies ( F i g .  5 ) :  
t h e  i n l e t  pressure can be maintained constant w i t h  f i x e d ,  var iab le ,  o r  
m u l t i p l e  power set t ings;  o r  t h e  f l o w  can be v a r i e d  and t h e  power maintained 
constant .  A feedback s igna l  t h a t  i s  i n d i c a t i v e  o f  heater  temperature i s  
requ i red  f o r  any power and f l o w  c o n t r o l  method. The s implest  power and f l o w  
c o n t r o l  method consists o f  ma in ta ln ing  constant  power and constant i n l e t  
pressure regardless o f  waste gas composit ion. A pressure s e t t i n g  would be 
se lected f o r  a nominal gas composi t ion (Tdble 5)  t h a t  r e s u l t s  i n  a 1400°C 
heater  temperature a t  500 W .  For a l l  o the r  gas compositions, t h e  temperature 
and s p e c i f i c  impulse would be reduced. For gas compositions w i t h  lower 
s p e c i f i c  heal. than t h e  nominal, t h e  power would need t o  be turned o f f  o r  t h e  
heater  temperature would exceed 1400°C. Thus, t h e  power would have t o  be 
turned o f f  f o r  a l l  gas compositions except f o r  t h e  nominal mixed gas composi- 
t i o n ,  those w i t h  h igher  than nominal l e v e l s  o f  hydrogen o r  hel ium, and f o r  
steam. The constant power and constant  i n l e t  pressure c o n t r o l  method i s  
t he re fo re  unacceptable. 

Ma in ta in ing  a constant i n l e t  pressure and vary ing  t h e  power t o  p rov ide  a 
1400°C o u t l e t  gas temperature provides maximurn s p e c i f i c  impulse f o r  a l l  gas 
compositions. However, the  requ i red  power var ies  f rom 185 W f o r  krypton,  
which has the  l o w e s t  s p e c i f i c  heat ,  t o  1564 W f o r  hydrogen, which has t h e  
h ighes t  s p e c i f i c  heat (Table 6 ) .  Th is  method requ i res  t h e  most soph is t i ca ted  
power c o n t r o l l e r .  

12 



. TABLE 3 
CONTROL REQUIREMENTS 

1. LIMIT MAXIMUM HEATER TEMPERATURE TO 1400°C 

2. LIMIT MAXIMUM HEATER TEMPERATURE TO -500°C IF RESISTO- 
JETS OPERATE ON WASTE GAS WITH HYDROCARBON 

3. SELECT HOW MANY AND WHICH RESISTOJETS TO TURN ON 

4. TURN ON WATER VAPORIZER HEATER AND SELECT POWER SET- 
T I ~ G  WHEN RESISTOJETS OPERATE ON WATER 

5. TURN OFF RESISTOJETS IF HEALTH MONITORS INDICATE PER- 
FORMANCE DEGRADATION 

6. CONVERT INPUT POWER AND SIGNALS TO USEABLE CONDITIONS 
FOR MODULE 

7. ACCEPT WASTE GAS WITH VARIABLE COMPOSITION 
86D-13-1065 

TABLE 4 
RESISTOJET HEATER CONTROL METHODS 

1. CONSTANT POWER AND FIXED INLET PRESSURE 
0 OUTLET GAS TEMPERATURE WILL VARY, WITH Isp DEGRADATION, FOR 

OFF-NOMINAL GAS COMPOSITION 

q = W Cp (Tc - TIN) 
Cp = fn (GAS COMPOSITION) 
W = CDA fn(M.y) Pc/\/TC- 
P,N = Pc 

2. CONSTANT INLET PRESSURE AND VARIABLE POWER 
OUTLET GAS TEMPERATURE CAN BE MAINTAINED AT 1400°C FOR MAXI- 
MUM Isp 

3. CONSTANT INLET PRESSURE AND TWO POWER SETTINGS 
-1400°C CAN BE OBTAINED FOR NOMINAL COMPOSITION COP, ARGON, 
STEAM; REDUCED TEMPERATURE FOR PURE He, H2,02, N2. KRYPTON 

4. CONSTANT POWER AND VARIABLE FLOW CONTROL 
0 OUTLET GAS TEMPERATURE CAN BE MAINTAINED AT 1400°F FOR MAXI- 

86D-13-1066A 
MUM Isp 
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n METHODS 1.2, AND 3 
FIXED VARIABLE 
OR TWO SETTINGS 

CONSTANT 

f n (T) METHOD 4 
POWER FIXED 

CONTROL F"0lSi::ON T[-----'F1 

VARIABLE 
86D-13-1067A 

F igure  5. C o n t r o l  Methods 



TABLE 5 

301 
600 
836 

1564 
459 
185 
587 
726 
436 
449 

WASTE GAS COMPOSITION ( l b m  per  90 days) 

0.089 
0.082 
0.087 
0.070 
0.083 
0.089 
0.085 

0.081 
0.083 
0.083 

FLUID I1995 I1996 : 1997 I1998 I1999 I2000 : 2001 : 2002 12003 2004 
;----:-I- I +--;-;-;-;-;-I I-:- 

(BOSH Eass): I I I I I I I I I I : 403.2 I 415.5 : 427.8 1440.2 I 452.2 512.7 : 
: 149.9 : 167.6 : 185.1 I 202.6 I 220.6 : 237.6 : 255.6 I 273.6 : 290.6 t 308.6 : 

NLIW : 78.8 : 87.4 I96.0 I 104.6 : 113.2 : 121.9 t 130.5 139.1 : 147.8 18.3 : 
mDROCEN I 91.8 I 96.4 I 110.9 ! 115.2 I 130.1 : 134.4 : 149.0 I 153.5 : 168.2 I 
WITRDGEN : 458 514.7 ; 570.3 I 627 ''; 682.7 I 739.3 I 795 851.7 907.3 I 964 I 

KRYPTON I 19.8 : 19.8 I 19.8 I 19.8 I 19.8 I 19.8 I 19.8 : 19.8 19.8 I 19.8 : 
TOTALS: 

I I I I I I I I I I 

ARGON 

4)2 

463.6 : 475.9 I 488.2 I 500.4 
I I I I I I I I I I I 
I I I I I I I I I I I 

I I I I I I I I I I 
I I I I I I I I I I I 
I 

I I I I I I I I I I I 
I I I I I I I I I I I 

I I I I I '  I I I I I I 
I I I I I I I I I I I 

I I I I I I I I I I I 
I I I I I I I I I I 

77.1 

I 

,-;---' I 
I 

Ill86.8 11296.8 I1395.4 Il95.1 11603.7 i1712.3 I1811.2 :1921.4 :2019.4 :2129.6 
REFERENCE: NASA LeRC PIR NUMBER 159 

86D-13-1069 

TABLE 6 

RESISTOJET PERFORMANCE PARAMETERS FOR CONSTANT 
INLET PRESSURE AND VARIABLE POWER 

P in le t  = 50 psia 

FLUID 

ARGON 

c o 2  
HELIUM 
HYDROGEN 
NITROGEN 
KRYPTON 
MIXED GASES 
STEAM 

02 
CABIN AIR 

TGAS OUT = 1400°C 

135 
140 
425 
500 
1 60 
93 

235 
200 
150 
157 

w 
(Ib/h) 

2.37 
2.28 
0.74 
0.50 
1.87 
3.44 
1.30 
1.45 
2.00 
1.90 

POWER 

86D-13. '071 
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Main ta in ing  a constant i n l e t  pressure w i t h  a two-set-point  power c o n t r o l l e r  
ret 'a ins t h e  basic s i m p l i c i t y  of t h e  f i x e d - s e t t i n g  power c o n t r o l l e r  w h i l e  
p rov id ing  reasonable s p e c i f i c  impulse performance f o r  low-spec i f i c  heat f l u i d s  
such as argon, n i t rogen,  and cabin a i r .  Table 7 l i s t s  gas temperature, 
s p e c i f i c  impulse, f low,  and t h r u s t  f o r  a power c o n t r o l l e r  w i t h  s e t  p o i n t s  of 
500 and 250 W .  The performance i s  tabu la ted  f o r  t he  nominal mixed gas com- 
p o s i t i o n ,  f o r  the pure species t h a t  comprise the  mixed gas, and f o r  steam, 
oxygen, and cabin a i r .  

The nominal design i s  based upon a power i n p u t  o f  500 W t o  p rov ide  a temper- 
a tu re  o f  t h e  nominal mixed gas composi t ion of 1400°C. An i n l e t  pressure o f  
40 p s i a  i s  required. The h igh  power s e t t i n g  f s  f o r  carbon d iox ide ,  helium, 
hydrogen, and steam, as w e l l  as t h e  nominal mixed gas cornposition. The low- 
power s e t t i n g  i s  f o r  t he  f l u i d s  w i th  lower s p e c i f i c  heat:  argon, n i t rogen,  
oxygen, and cabin a i r .  

It i s  probable t h a t  the  r e s i s t o j e t s  w i l l  no t  be requ i red  t o  operate on pure 
gas species. I n  operat ion,  t h e  r e s i s t o j e t  heater  vo l tage and temperature w i l l  
be measured, which i s  an accurate measure of average heater  temperature. I f  
t he  heater  temperature tends t o  exceed 1400"C, t h e  power s e t t i n g  w i l l  be 
switched au tomat ica l l y  t o  the  lower value. 

Maximum spec i f i c  impulse performance f o r  a l l  gas compositions a l s o  can be 
achieved by mainta in ing constant  power and vary ing  the  f low.  Performance 
parameters f o r  t h i s  c o n t r o l  method are  l i s t e d  i n  Table 8. The i n l e t  pressure 
var ies  from 15  ps ia  f o r  hydrogen t o  82 ps ia  f o r  argon. The t h r u s t  var ies  f rom 
0.022 l b f  f o r  hydrogen t o  0.148 l b f  f o r  argon. For t h i s  method, t h e  pressure 
regu la to r  i s  replaced by a f l o w  c o n t r o l  valve,  t h e  opening o f  which i s  con- 
t r o l l e d  by a feedback s igna l  t h a t  1s  a f u n c t i o n  o f  r e s i s t o j e t  heater  
temperature. 

A comparison o f  t he  f o u r  c o n t r o l  methods i s  summarized i n  Table 9.  The 
constant  pressure and two-power s e t t i n g  c o n t r o l  method i s  t e n t a t i v e l y  
se lected.  I f  maximum s p e c i f i c  impulse i s  found t o  be necessary t o  m e e t  
impulse requirements, then a constant  power c o n t r o l  w i t h  v a r i a b l e  f l o w  c o n t r o l  
would be selected. 
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, L 

I8P F 
0) (IbO 

135 0.074 
' 130 0.070 

348 0.072 
312 0.053 
125 0.067 
40 0.059 

235 0.072 
188 0.068 
115 0.068 
122 0.066 

TABLE 7 

RESISTOJET PERFORMANCE PARAMETERS FOR CONSTANT 
INLET PRESSURE, TWO POWER SETTINGS 

P i n .  = 40 psia 

FLUID 

ARGON 

c02 
HELIUM 
HYDROGEN 
NiTROGEN 
KRYPTON 
MIXED GASES 
STEAM 
0 2  
CABIN Ai9 

INPUT 
POWER 

(W) 

250 
500 
500 
500 
250 

0 
500 
500 
250 
250 

1400 
1370 
850 
380 
750 
20 

1400 
1200 
725 
740 

w 
(Ib/h) 

1.96 
1.94 
0.74 
0.61 
1.92 
5.27 
1.11 
1.31 
2.10 
1.95 

CDA = 0.00125 in.2 

TABLE 8 

86D-13-1072 

PRELIMINARY RESISTOJET PERFORMANCE PARAMETERS 
FOR CONSTANT POWER AND VARIABLE FLOW 

POWER = 500 W 

ARGON 

c o 2  
HELIUM 
HYDROGEN 
NITROGEN 
MIXED GASES 
STEAM 

135 
130 
425 
500 
160 
235 
200 

3.93 
1.89 
0.44 
0.16 
2.04 
1.11 
1 .oo 

82 
38 
30 
15 
54 
40 
34 

0.148 
0.068 
0.052 
0.022 
0.091 
0.072 
0.056 

86D-13-1070 
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TABLE 9 

COMPARISON OF CONTROL METHODS 

1. CONSTANT POWER AND 
FIXED PRESSURE 

2. CONSTANT PRESSURE 
AND VARIABLE POWER 

3.' CONSTANT PRESSURE 
AND TWO-POWER 
SETTING 

4. CONSTANT POWER AND 
VARIABLE FLOW 
CONTROL 

ADVANTAGES I METHOD 

SIMPLEST 

OPTIMUM Isp FOR ALL GAS 
COMPOSITIONS 

OPTIMUM ISP FOR NOMI- 
NAL GAS COMPOSITION 
AND PURE C02, STEAM AND 
ARGON; RETAINS POWER 
CONTROL SIMPLICITY 

OPTIMUM Isp FOR ALL GAS 
COMPOSITIONS 

I 
DISADVANTAGES 

Isp DEGRADATION 

MOST COMPLICATED 
POWER CONTROL 

lsp DEGRADATION FOR 
PURE He, H2,02, N2, AND 
KRYPTON 

FLOW CONTROL MORE 

STANT PRESSURE 
REGULATION 

COMPLICATED THAN CON- 

'PRELIMINARY SELECTION 
86D-13-1068 
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6.0 COMPONENT DESCRIPTION 

This sec t i on  descr ibes major components o f  t h e  r e s i s t o j e t  assembly. The com- 
ponents inc lude the  r e s i s t o j e t ,  t he  c o n t r o l l e r ,  t h e  water vapor izer ,  t he  l a t c h  
valve, t he  pressure regu la to r ,  manifolds, and tub ing .  

6.1 RESISTOJET 

The f u n c t i o n  o f  t h e  mu l t i - p rope l l an t  r e s i s t o j e t  i s  t o  prov ide t h r u s t  by heat-  
i n g  a v a r i e t y  of nonreact ive gases, e i t h e r  o f  s i n g l e  o r  mixed species, and 
expanding the  heated gas through a h igh  area r a t i o  nozzle.  The h igh  area 
r a t i o  nozzle w i l l  expand t h e  heated gas t o ,  o r  c lose  t o ,  t he  f r e e  molecular  
f l o w  regime, which e l im ina tes  o r  minimizes backf low a t  the  nozz le e x i t  and 
r e s u l t i n g  contaminat ion of t h e  Space S t a t i o n  surfaces and the  l o c a l  env i  ron- 
ment. Heat ing the  gas t o  su f f i c !en t ly  h igh  temperature prevents condensation 
o f  l ow-ve loc i t y  p a r t i c u l a t e s  i n  the nozz le t h a t  would s t i c k  t o  ad jacent  
su r f  aces. 

The m u l t i - p r o p e l l a n t  r e s i s t o j e t  (F igs.  6 and 7 )  cons is ts  o f  an e l e c t r i c a l  
heater,  a f l u i d  heat exchanger, a high area r a t i o  nozzle, and thermal i nsu la -  
t i o n .  An engineer ing model of t h e  r e s i s t o j e t  i s  c u r r e n t l y  being designed and 
f a b r i c a t e d  by Technion Incorporated under subcontract  t o  Rocketdyne under 
Contract  NAS3-24658. Test ing and evaluat ion o f  t h e  r e s i s t o j e t  a re  being con- 
ducted by NASA-LeRC. Design parameters a r e  l i s t e d  i n  Table 10. 

The heat exchanger, the  nozzle, and inne r  r a d i a t i o n  sh ie ld ing  are  const ructed 
o f  g r a i n - s t a b i l i z e d  p la t inum. Platinum i s  s p e c i f i e d  f o r  t he  design because i t  
i s  t h e  most compatible uncoated metal f o r  l o n g - l i f e  opera t ion  w i t h  the  waste 
gases prope l lan ts .  Grain s t a b i l i z a t i o n  improves the  creep-rupture s t reng th  
p roper t i es  o f  p la t inum. 

7he heater  element cons is ts  o f  a platinurn center  conductor, magnesium oxide 
i n s u l a t i o n ,  and an ou ter  g r a i n - s t a b i l i ? e d  p la t inum sheath. The heat ing  e le -  
ment i s  c o i l e d  around the heat exchanger s h e l l  ( F i g .  8 ) .  Good thermal contact  
between the  heat ing element and the s h e l l  i s  obtained by d i f f u s i o n  bonding the  
heat ing  element t o  the  s h e i i .  The Qiis i s  heated by +hArm31 L I I G I  lllu I LUtnuub r ~ n A l l r + i n n  c i w i i  Crnm I a W I I ~  

the  heater  t o  the  heat exchanger she l l  and convect ion from the  s h e l l  t o  the  
gas. T h i r t y - s i x  a x i a l  f l o w  channels a r e  machined i n t o  the s h e l l .  An i nne r  
c y l i n d e r  c loses out  the  f l o w  channels. 

The thermal i n s u l a t i o n  cons is ts  o f  10 r a d i a t i o n  sh ie lds .  The ou ter  case i s  
const ructed o f  Inconel .  The r e s i s t o j e t  as fab r i ca ted  i s  shown i n  F ig .  9.  

Nominal i n p u t  power t o  the  r e s i s t o j e t  i s  500 W .  The r e s i s t o j e t  i s  designed t o  
operate f o r  a t  l e a s t  10,000 h a t  a heater temperature o f  140OOC w i thou t  
maintenance. The heater resistance versus temperature i s  shown i n  F ig .  10. 
Heater res is tance i s  a pr imary heal th  mon i to r  used f o r  c o n t r o l  o f  t h e  
r e s i s t o j e t .  
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W l l N U M  SHEATHED HEATER 
Pt CENTER CONDUCTOR, MgO I NSUIATOR, Pt SHUm)> 

0.040" DIA. CONWTRUMPET 
THROAT 7 NOZZLE7 

\ I 

F i g u r e  6 .  Advanced Development E n g i n e e r i n g  Model R e s i s t o j e t  

ORlGlGAL PAGE IS 
OF POOR QUALITY 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

F i g u r e  7 .  Advanced Development E n g i n e e r i n g  Model 
R e s i s t c j e t  Cross Sectiro!! 

86D-13-1075 
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TABLE 10 

RESISTOJET DESIGN 

TECHNION/ROCKETDYNE 
T501050 
PLATINUM CENTER CONDUCTOR 

Pt-lO0h Rh, 0.062 In. DIAMETER 
PLATINUM SHEATH 

GSP, 0.156 In. OD, 0.019 In. WALL 
MgO INSULATION 

0.028 in. THICKNESS 
129 In. LONG BEFORE COILING 
PLATINUM (GSP) 
36 CHANNELS, 0.020 In. WIDE, 0.050 In. DEEP, 7.4 In. 
LONG 
10 RADIATION SHIELDS 

5 - 0.001 In. THICK GSP 
5 - 0.004 In. THICK NICKEL 

INCONEL 

SUPPLIER 
PART NUMBER 
HEATER 

HEAT EXCHANGER 

THERMAL INSULATION 

OUTER CASE 
MAXIMUM ELECTRICAL 
OPERATING PARAMETERS 

POWER (W) 
RESISTANCE (n) 
VOLTAGE 
CURRENT 

WEIGHT (Ib) 
ENVELOPE 

500 
0.95 
22 
23 
8.0 INCLUDING MOUNT PLATE 
3.8 In. DIAMETER, 9.4 In. LONG (EXCLUDING 
MOUNT) 86D-13-1078 
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F i g u r e  8 .  R e s i s t o j e t  H e a t e r  Assembly 

2 3  

~ ~~~ 
~~ 



Figure 9. Multi-Propellant Resistojet 
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1.1 

AVERAGE PEAK 
TEMPERATURE 
DURING TEST / 

W 

y 0.6 
U 

V, 0.5 
!z 

0 . 4 v  

ROOM TEMPERATURE (25'C) 
RESISTANCE 0.344 fl 
RESISTOJET SN 01 

0.3 

0.1 

I I I I I 1 I 
200 400 600 800 lo00 1200 1400 1 

TEMPERATURE ("C) 

N) 

860-13-1079 

F i g u r e  10. H e a t e r  R e s i s t a n c e  
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Power i n p u t  t o  the r e s i s t o j e t  heater  element i s  22 A a t  20 kHz. 
ana lys i s  was conducted t o  est imate the l e v e l  o f  e lectro-magnet ic i n te r fe rence  
generated w i t h i n  the r e s i s t o j e t .  
pensated heater  w i r e  (w i thou t  c u r r e n t  i n  an adjacent  w i r e  i n  t h e  opposi te  
d i r e c t i o n )  contained i n  t h e  heater  w i r e  loop near t h e  nozzle, a magnetic 
i n d u c t i o n  corresponding t o  102 dB above 1 pT was ca lcu la ted .  The MIL-STD 
461BREO1 l i m i t  f o r  magnetic i n d u c t i o n  i s  26 dB above 1 pT. 

A p re l im ina ry  

Based upon an est imate o f  1 i n .  o f  uncom- 

The ca l cu la ted  value thus exceeds the  s p e c i f i c a t i o n .  The e f f e c t  o f  t h e  r e s i s -  
t o j e t  thermal i n s u l a t i o n  and ou te r  case, and t h e  d is tance f rom t h e  r e s i s t o j e t s  
t o  s e n s i t i v e  equipment must be determined. I f  t h e  magnetic i nduc t i on  i s  found 
t o  exceed,actual requirements f o r  user  experiments, poss ib le  so lu t i ons  inc lude 
t h e  fo l l ow ing :  

0 Shie ld  the r e s i s t o j e t s  w i t h  i r o n  

0 Shie ld  the experiments 

Use a d-c power supply 

Devise a heater c o i l  w i t h  no uncompensated l eng th  

6.2 POWER CONlROLI-ER 

A b lock d iagramof  the power c o n t r o l  i s  shown i n  F ig .  11. The power c o n t r o l  
w i l l  i nc lude  standard Space S t a t i o n  components, i n c l u d i n g  an embedded data 
processor (EOP) a mul t ip lexer -demul t ip lexer  (MDM),  and a network i n t e r f a c e  

FROM POWER DISTRIBUTION CONTROL UNIT (PDCU) 
4 4 4 r 4 4 4 

POWER POWER POWER POWER POWER 
SUPPLY SUPPLY SUPPLY SUPPLY SUPPLY 

I 1 I 4  TO TO WATER TO TO 
HEATER 1 HEATER 2 HEATER 3 VAPORIZER 

I I - 
PRESSURE SIGNALS (8) 

SIGNAL HEATER CURRENT SIGNALS (10) (EDP) - 
(MDM) 7 HEATER VOLTAGE SIGNALS (10) 

VALVE CONTROLLER 

CONDITIONER DRIVERS 

NETWORK 
TO VALVES (8)  INTERFACE 

(NIU) 

FROM DMS GUIDANCE. 
NAVIGATION AND 
CONTROL (GNBC) 15538 

'FOR RESISTOJETS 1 TO 4, WATER VAPORIZER 1, 
REDUNDANT UNIT FOR RESISTOJETS 5 TO 8. 
WATER VAPORIZER 2 

860-1 3-1083 

Figure 11. R e s i s t o j e t  Power Cont ro l  B l o c k  Diagram 
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u n i t  ( N I U ) .  Four r e s i s t o j e t s  and a water vapor izer  share a conrnon c o n t r o l l e r ,  
which e l im ina tes  the  need f o r  separate i n t e r f a c e s  t o  t h e  data management sys- 
tem (DHS). The second s e t  o f  four r e s i s t o j e t s  and water vapor izer  has a 
dup l i ca te  c o n t r o l l e r  t o  p rov ide  redundancy. 

Power t o  the  r e s i s t o j e t  heaters i s  obtained from i n d i v i d u a l  power suppl ies 
t h a t  t rans form t h e  standard 208-Vac. 20-kHz power source f rom the  power 
d i s t r i b u t i o n  c o n t r o l  u n i t  (PDCU) t o  approximately 22.4/16 Vac t o  p rov ide  
500/250 W t o  each r e s i s t o j e t .  A Space S t a t i o n  standard embedded data 
processor i s  used t o  decode t h e  on/off and power l e v e l  commands f o r  t he  
r e s i s t o j e t s  from the  guidance, nav igat ion,  and c o n t r o l  (GNLC) system by way o f  
a standard network i n t e r f a c e  u n i t  t h a t  accesses the  DHS. The EDP has two 
separate wi res t o  each power supply/switch t o  t u r n  on e i t h e r  f u l l  o r  i n t e r -  
mediate power as comnanded by t h e  GNLC system. 

A s igna l  cond i t i one r  i s  used t o  measure and conver t  t he  analog heater  vo l tage 
and cu r ren t  as w e l l  as i n l e t  t h rus te r  pressure from each r e s i s t o j e t  i n  the  
c l u s t e r  o f  f o u r  t o  d i g i t a l  format so t h a t  i t  can be read by the  EDP and 
forwarded t o  Space S t a t i o n  te lemetry over the  OMS v i a  the  NIU .  The EDP a l s o  
w i l l  p rov ide  h e a l t h  mon i to r ing  f o r  the subsystem. 

A shown i n  F ig .  11, d r i v e r s  f o r  the run valves f o r  t he  r e s i s t o j e t s  a re  
inc luded i n  the  power c o n t r o l l e r .  Add i t iona l  study o f  t he  o v e r a l l  p ropu ls ion  
system, i n c l u d i n g  the  25- lb f  G02/GH2 t h r u s t e r s  and the  r e s i s t o j e t s ,  may 
i n d i c a t e  t h a t  operat ion o f  t he  valves i s  best  accomplished by t h e  main pro- 
p u l s i o n  computer. The func t i on  of the power c o n t r o l l e r  would then be l i m i t e d  
t o  supply ing power t o  the  r e s i s t o j e t s  as demanded by the  main computer. The 
power suppl ies f o r  t he  r e s i s t o j e t s  must be close-coupled, w i t h i n  a f e w  f e e t ,  
t o  t h e  r e s i s t o j e t s  t o  minimize power loss .  

The fea tures  o f  t h e  power c o n t r o l  a re  summarized i n  Table 11. 

The power c o n t r o l  f o r  each s e t  of  f ou r  r e s i s t o j e t s  and one water vapor izer  
w i l l  be packaged as an i n t e g r a l  u n i t  (F ig .  1 2 ) .  The o v e r a l l  dimensions of 
each o f  t he  t w o  power con t ro l s  are 4.5 by 6 by 18 i n .  The est imated weight o f  
each o f  the  t w o  power controls i s  15 l h ,  

6.3 WATER VAPORIZER 

P o t e n t i a l  methods of supply ing steam t o  the  i n l e t  of  the  r e s i s t o j e t  inc lude:  

1 .  I n s t a l l a t i o n  o f  an on- l ine w a t e r  vapor izer  a t  the  i n l e t  o f  each 
res i s t o  j e t  

2. Prov is ion  o f  one on- l ine water vapor izer  f o r  each s e t  o f  f o u r  
r e s i s t o j e t s  

3 .  Heating a tank o f  high-pressure water ( o f f - l i n e ,  w h i l e  the  r e s i s t o -  
j e t s  a re  no t  i n  operat ion) and f l a s h i n g  the water through an o r i f i c e  
t o  steam a t  low pressure. 
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TABLE 11 

CONTROLLER 

0 INCLUDES STANDARD SPACE STATION COMPONENTS 
0 EMBEDDED DATA PROCESSOR (EDP) 
0 NETWORK INTERFACE UNIT (NIU) 

MULTIPLEXER-DEMULTIPLEXER (MDM) 

0 FOUR RESISTOJETS AND ONE WATER VAPORIZER SHARE COMMON 
CONTROLLER 

0 ELIMINATES NEED FOR SEPARATE INTERFACES TO GN&C 

0 INDIVIDUAL POWER SUPPLY FOR EACH HEATER 
0 TRANSFORMS 208 Vac, 20 kHz FROM PDCU TO -20/16 Vac TO 

PROVIDE 500/250 W 

0 EDP DECODES ON/OFF AND POWER LEVEL COMMANDS FROM 
GN&C VIA THE NIU 

0 SIGNAL CONDITIONER CONVERTS ANALOG CURRENT, VOLTAGE, 
PRESSURE SIGNALS TO DIGITAL FORMAT FOR EDP WHICH SENDS 
DATA TO TELEMETRY OVER THE DMS VIA THE NIU 

0 ENVELOPE -4.5 In. x 6 In. x 18 In. FOR EACH OF TWO CONTROLLERS 

0 WEIGHT -15 Ib FOR EACH OF TWO CONTROLLERS 
86D-13-1082 



' HEATER POWER 
SUPPLY (5 )  

J 
VALVE DRIVER 
EDP 
NIV 
SIGNAL 
CONDITIONER 

4.5 in. 

-T I a 
I 

dASfi-1 

18. in. -I 
WEIGHT. - 15 Ib 

Figure 12. Controller Packaging 
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I The advantages and disadvantages o f  each method are  summarized i n  Table 12. 
The f i r s t  method r e s u l t s  i n  minimum heat l oss  downstream o f  t h e  vapor izer  and 
provides the  same redundancy as the  r e s i s t o j e t .  However, a l l  o f  t he  waste 
f l u i d s  must pass through t h e  water vapor izer  (w i th  power o f f  f o r  a1 1 b u t  
water) ,  which imposes a d d i t i o n a l  ma te r ia l s  c o m p a t i b i l i t y  requirements on the  
vapor izer .  I n  add i t ion ,  t h e  t o t a l  system p a r t s  count i s  increased. 

In t he  second method, a water vapor izer  i s  close-coupled t o  a s e t  o f  f o u r  
r e s i s t o j e t s .  Only water/steam f l u i d s  pass through t h e  vapor izer .  The steam 
can be d i rec ted  t o  any r e s i s t o j e t  through the  man i fo ld ing .  This  method 
requ i res  i n s u l a t i o n  o f  t h e  man i fo ld  and w i l l  r e s u l t  i n  more power l oss  than 
the f i r s t .  method. However, t he  second method reduces the  p a r t s  count and 
reduces n d t e r i a l  c o m p a t i b i l i t y  requirements f o r  t he  vapor izer .  

The t h i r d  method i s  commonly used t o  supply steam t o  steam e jec to rs .  Heat ing 
t h e  high-pressure water can be accomplished a t  low power over a long t ime when 
t h e  r e s i s t o j e t s  a re  no t  operat ing.  Thus, t he  power l e v e l  i s  minimized. O r  
conversely, the maximum number o f  r e s i s t o j e t s  can be operated simultaneously 
f o r  a given maximum power l e v e l .  The disadvantages o f  t h i s  method a re  the  

TABLE 12 

POTENTIAL WATLR V A P O R I Z A T I O N  METHODS 

METHOD 

1. ON-LINE VAPORIZER AT 
INLET OF EACH 
RESIST0 JET 

2. ONE ON-LINE VAPO- 
RIZER FOR EACH SET 
OF FOUR RESISTOJETS 

3. HEATED HIGH PRES- 
SURE WATER TANK, 
FLASH TO STEAM 

ADVANTAGES 

MINIMUM HEAT LOSS 
DOWNSTREAM OF 
VAPORIZER 

ONLY WATER/STEAM 
FLOWS THROUGH 
VAPORIZER 

HEAT CAN BE APPLIED AT 
LOW POWER OVER LONG 
TI ME WHILE R ESlSTO J ETS 
ARE NOT OPERATING 

0 NUMBER 2 METHOD SELECTED 

~ 

DISADVANTAGES 

ALL WASTE GAS FLOWS 
THROUGH VAPORIZER, 

ITY REQUIREMENTS 
INCREASING COMPATIBIL- 

INCREASES TOTAL PARTS 
COUNT 

STEPPED HEATED POWER 
REQUIRED IF MORE THAN 

ATES SIMULTANEOUSLY 
ONE RESISTOJET OPER- 

INSULATED STEAM LINE 

HEAT LOSS 

INSULATED TANK AND 
LONG LINE 
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a d d i t i o n a l  heat  l oss  f rom t h e  heated i n s u l a t e d  tanks and through the  long 
insu la ted  l i n e s  between the  tanks and t h e  r e s i s t o j e t s .  I n  add i t i on ,  appre- 
c i a b l e  inductance power loss  w i l l  occur i f  t h e  water  tanks a re  loca ted  up- 
stream o f  t h e  s t i n g e r  and the  water vapor izer  power supply i s  loca ted  w i th  the  
r e s i s t o j e t  power supply ad jacent  t o  t h e  r e s i s t o j e t s .  

A two-set -po int  power con t ro l ,  which i s  nea r l y  i d e n t i c a l  t o  t h a t  requ i red  f o r  
t h e  r e s i s t o j e t  heaters, can be used f o r  t h e  water vapor izer  f o r  t h e  second 
method. One s e t  p o i n t  would be used i f  one r e s l s t o j e t  were operated; t he  
o the r  se t  p o i n t  w i th  two  t imes t h e  power, would be used i f  two r e s i s t o j e t s  
were operated. The power t o  vaporize t h e  water i s  approximately t h e  same as 
t h a t  requ i red  f o r  a 500-W r e s i s t o j e t :  

The entha 
300°F, 40 
f l o w  o f  1 

py change (Ah) of water a t  7 O o F ,  40 p s i a  t o  superheated steam a t  
p s i a  i s  approximately 1147 Btu / lb .  
31 l b / h  f o r  one r e s i s t o j e t  and a thermal l oss  o f  10% i s  

The power requ i red  f o r  a water 

1.31)(11471 &. = 489 
(0.9) Btu/h ) Power = 

Thus, one opera t ing  500-W r e s i s t o j e t  p l u s  vapor izer  requ i res  near l y  1000 W. 
Two opera t ing  r e s i s t o j e t s  p lus  vapor izer w i l l  r e q u i r e  nea r l y  2000 W. 
maximum power i s  l i m i t e d  t o  2 kW, on ly  t w o  r e s i s t o j e t s  opera t ing  on steam can 
be operated simultaneously (Table 13). 

The second method, w i t h  one water vapor izer  supply ing any one o r  two o f  a s e t  
o f  f o u r  r e s i s t o j e t s ,  i s  t e n t a t i v e l y  se lec ted  f o r  t he  r e s i s t o j e t  assembly 
because o f  t he  low p a r t s  count, reduced mate r ia l s  c o m p a t i b i l i t y  requirements, 
and n e a r l y  i d e n t i c a l  power con t ro l  as requ i red  f o r  t he  r e s i s t o j e t  heaters .  

I f  the  

T A X E  13 

W A 1  t H VAPOR I ZLR 

0 POWER REQUIRED TO CONVERT WATER AT 70°F, 40 psia TO 
STEAM AT 300°F, 40 psia = 490 W FOR 1-500 W RESISTOJET 

0 ONE RESISTOJET OPERATING ON WATER REQUIRES -1 kW 

TWO RESISTOJETS CAN OPERATE SIMULTANEOUSLY IF MAXI- 
MUM ALLOWABLE POWER IS 2 kW 

0 TWO SET POINT HEATER POWER (LIKE RESISTOJETS) 
86D-13-1086 
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The water vapor izer design i s  s i m i l a r  t o  t h e  design o f  t he  r e s i s t o j e t  heater,  
i . e . ,  a leng th  o f  heater  tube i s  c o i l e d  around a f l u i d  heat exchanger. The 
vapor izer  s i z e  i s  d r i ven  by t h e  maximum a l lowab le  power f l u x  f rom the  sur face 
o f  t h e  heater .  The h igh  convect ive heat t r a n s f e r  c o e f f i c i e n t  on the  f l u i d  
s ide  ( f o r  t h e  sensib le  heat r i s e  of t h e  water, b o i l i n g ,  and superheat), 
r e s u l t s  i n  low f l u i d  sur face requirements. ihe length  o f  heater  w i r e  i s  
approx imate ly  20 i n .  f o r  a power f l u x  from the heater  sheath o f  100 W/in.2. 
A t  a 0.9-in. p i t c h  diameter, seven heater  t u rns  are  requ i red .  The f l u i d  f low 
channel i s  h e l i c a l  w i t h  a cross sec t i on  of approximately 0.10 by 0.080 i n .  
The vapor izer  design i s  i l l u s t r a t e d  i n  F ig .  13 .  The o v e r a l l  envelope i s  3 - in .  
diameter by 4 in .  long. The est imated weight i s  4 l b .  

6 .4  LATCH VALVE 

Latch valves are  requi red t o  minimize power d r a i n  because o f  t he  long oper- 
a t i n g  t imes f o r  t he  r e s i s t o j e t .  No power i s  requ i red  a f t e r  ac tua t i on  t o  
e i t h e r  the open o r  c losed p o s i t i o n .  

0.10 x 0.08 in. SPIRAL 
FLOW CHANNEL \ THERMAL INSULATION / BLANKET 

HEATEfi 
LEAD 

r... 
WATER 

HEATER 
LEAD 

3.0 in DIAMETER 

S T w w  
AT 300OF 

I 

I / I I  
SHEATHED HEATER 

4 in. I w 

HEAT EXCHANGER MATERIAL: INCONEL 
86D-12-1087 

F igure 13 .  Water Vapori zer Concept 
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A candidate l a t c h  va lve 1s t h e  Wright Components, I nc . ,  P/N 15875 va lve 
. (F ig .  1 4 ) .  This  va lve has been used on most r e s i s t o j e t  t h r u s t e r s  on f l i g h t  
programs. Valve c h a r a c t e r i s t i c s  are sumnarired i n  Table 14 .  The va lve 
conta ins two solenoids,  one f o r  opening and one f o r  c los ing .  Latch ing i s  
accomplished by overcenter s t rok ing  a Bel l e v i  1 l e  sp r ing  washer w i t h  e i t h e r  
solenoid.  The s e l e c t i o n  of t h e  valve seat m a t e r i a l  i s  con t ingent  upon the  
temperature range and gas composition of t he  waste gas. Te f lon  and ethy lene 
propylene and k a l r e z  a re  lead ing  candidates f o r  t h e  va lve seat  ma te r ia l  based 
on t h e  p re l im ina ry  requ i  rements . 
6.5 PRESSURE REGULATOR 

A pressure regu la to r  i s  requ i red  t h a t  i s  capable o f  an operating t ime w e l l  
over  t h e  10,000-h operat ing l i f e  o f  a s i n g l e  r e s i s t o j e t .  I n  add i t i on ,  t h e  
r e g u l a t o r  must operate wi th  a va r ie t y  o f  reducing o r  o x i d i z i n g  gases. The 
i n l e t  pressure w i l l  vary from 500 p s i g  t o  approximately 75 ps ia .  The out:et 
pressure must be maintained a t  approximately 4 0  t 3 p s i a  over the  range of 
i n l e t  pressures f o r  one t o  f o u r  r e s i s t o j e t s  opera t ing  s imultaneously.  

The Fu tu rec ra f t  Corporat ion P/N 400332 pressure r e g u l a t o r  i s  a candidate. 
This  pressure regu la to r  (F ig .  15) i s  a s ing le-s tage,  spring-loaded device.  
The weight i s  0.53 l b .  Pressure r e g u l a t o r  parameters a re  summarized i n  
Table 15 .  

6.6 MANIFOLD AND I U B I N G  

The tubes along t h e  60- f t - long s t inger ,  which supply t h e  waste f l u i d s  t o  t h e  
th rus te rs ,  are inc luded i n  the r e s i s t o j e t  assembly i f  the  i n t e r f a c e  between 
t h e  waste gas storage system and the r e s i s t o j e t  assembly i s  se lected immed- 
i a t e l y  downstream from the  shut-off valves i n  the  storage subsystem. The 
ca l cu la ted  pressure loss through the tubes a long the  boom i s  summarized i n  
Table 16. With f o u r  r e s i s t o j e t s  operat ing w i t h  the  nominal mixed-gas compo- 
s i t i o n  a t  a minimum tank pressure o f  7 5  ps ia ,  t he  pressure l oss  i s  0.7 p s i  f o r  
a s i n g l e  0.25-in. OD tube. The presscre loss  f o r  each sharp r i g h t  angle bend 
i s  ca l cu la ted  t o  be a maximum o f  0.01 p s i  upstream o f  t he  pressure regu la to r  
and 0.02 p s i  downstream from the pressure r e g u l a t o r .  The pressure losses are  
acceptably low. A tube diameter o f  0.25 i n .  i s  s a t i s f a c t o r y  f o r  the  l i n e s  
a long t h e  s t i n g e r  and the  mani fo ld  downstream o f  t he  pressure regu la to r .  

6.7 WE IGHI SUMMARY 

A weight  summary f o r  t he  r e s i s t o j e t  assembly i s  presented i n  Table 17. The 
weights inc lude a1 1 f l u i d  components downstream from the  shut -o f f  valves i n  
the  storage subsystem t o  the  th rus ters ,  i n c l u d i n g  f l u i d  tub ing  i n  the  boom; 
power con t ro l s ,  cables, and wi r ing;  and s t r u c t u r e  and sh ie ld ing .  The t o t a l  
d r y  weight i s  approximately 167 l b .  
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0 TABLE 14 

LATCH VALVE 

0 LATCHING VALVES ARE REQUIRED TO MINIMIZE POWER DRAIN 
BECAUSE OF LONG ON-TIME 

0 CANDIDATE VALVE IS WRIGHT COMPONENTS P/N 15875 

USED GN MOST RESISTOJET THRUSTERS ON FLIGHT 
PROGRAMS 

0 NO POWER DRAIN IN EITHER OPEN OR CLOSED POSITION 
OBTAINED BY OVER-CENTER STROKING OF BELLVILLE SPRING 
WASHER WITH TWO SOLENOIDS, ONE TO OPEN AND ONE TO 
CLOSE 

0 INLET DIAMETER = 0.126 In. 

0 EQUIVALENT DIAMETER = 0.045 in. 

0 AP = 4.2 psi FOR TWO VALVES IN SERIES FOR MIXED GAS FLOW 
860-1 3-1 088 
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110-32 CAP SCREWS 
INSTALLED IN LOCKING 
HELI-COIL INSERTS 
(TYP) 

FUTURECRAFT CORP. 
P/N 400332 REGULATOR 

Figure  1 5 .  Regulator  Ad justab le  P r e c i s i o n  High Flow Capac i ty  

4456-5 
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TABLE 1 5  

PRESSURE REGULATOR 

0 INLET PRESSURE (psia) 500 TO 75 

0 OUTLET PRESSURE (psia) 40 k 3 

0 T ~ P E  SINGLE STAGE, SPRING LOADED 

EQUIVALENT DiAMETER OF ORI- 
FlCE AT FULL OPEN (in.) -0.05 

0 CANDIDATE VALVE FUTURECRAFT CORP. PN 400332 

0 WEIGHT (Ib) 0.53 
86D- 1 3- 1 090A 

TABLE 16 

MANIFOLD AND TUBING 

TUBES ALONG 60 ft LONG BOOM 

0 AP = 0.7 psi FRICTION LOSS 

0 AP = 0.01 psi PER SHARP RIGHT ANGLE BEND 

PRESSURE REGULATOR DOWNSTREAM OF TUBE (P = 75 psia) 

MANIFOLD DOWNSTREAM OF REGULATOR 

AP = 0.02 psi PER SHARP RIGHT ANGLE BEND 

P = 40 psia 

FOR FOUR RESISTOJETS OPERATING WITH MIXED GAS 
0.25 in. TUBE OUTSIDE DIAMETER, 0.015 in. WALL THICKNESS 

86D-13-1092 
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TABLE 17 

RESISTOJET PROPULSION MODULE WEIGHT SUMMARY 

COMPONENT 

RESISTOJET 
CONTROLLER 
LATCH VALVE 
PRESSURE TRANSDUCER 
CHECK VALVE 
PRESSURE REGULATOR 
WATER VAPORIZER 
FILTER 
DISCONNECTS 
MANIFOLDING AND TUBING" 
CABLES AND WIRING' 
STRUCTURE 
THERMAL SHIELDING 

TOTAL 

QUANTITY 

8 
2 

16 
2 
6 
4 
2 
6 
8 
2 
2 
1 
1 

UNIT 
WEIGHT 

(Ib) 

8.0 
15.0 
0.4 
0.3 
0.2 
0.5 
4.0 
0.1 
0.4 
9.2 
5.0 
20.0 
3.0 

%. 

TOTAL 
WEIGHT 

(Ib) 

64.0 
30.0 
6.4 
0.6 
1.2 
2.0 
8.0 
0.6 
3.2 

18.4 
10.0 
20.0 
3.0 

167.4 

'INCLUDING TUBING AND WIRING ALONG BOOM 
86D-13-1093A 



7.0 INTERFACE DEFINITION 

I ’ .  

I -  
The i n t e r f a c e s  f o r  t h e  r e s i s t o j e t  assembly i nc lude  s t r u c t u r a l ,  f l u i d ,  power, 
c o n t r o l  s igna ls ,  and performance (hea l th  mon i to r ing)  data.  

The s t r u c t u r a l  i n t e r f a c e  cons is ts  o f  the mechanical attachment o f  t he  r e s i s t o -  
j e t  assembly t o  t h e  s t i nge r .  
both r e s i s t o j e t  subassemblies, wi th  each subassembly as de f ined i n  Sect ion 
4.0. I n  add i t ion ,  the attachment must a l l o w  removal o f  e i t h e r  one o f  t he  
subassemblies and replacement w i t h  t h e  ORU, i f  necessary. 

The attachment must a l l o w  i n - o r b i t  mounting o f  

The f l u i d  i n t e r f a c e  cons is ts  o f  the f l u i d  disconnects a t  t he  upstream end o f  
t h e  s t i n g e r  near t h e  shut-off valves i n  t h e  waste f l u i d s  storage subassembly. 
There a re  two f l u i d  disconnects f o r  each o f  t he  t h r e e  types o f  f l u i d s :  reduc- 
i n g  gas, water, and o x i d i z i n g  gas. 

The i n t e r f a c e  w i t h  t h e  power d i s t r i b u t i o n  c o n t r o l  u n i t  (PDCU) cons is ts  o f  one 
sh ie lded coax ia l  cable connect ion t o  each o f  t h e  two power c o n t r o l l e r s .  The 
power i n t e r f a c e  i s  loca ted  a t  the upstream end o f  t h e  s t i nge r ,  near t h e  f l u i d  
i n t e r f a c e .  

The i n t e r f a c e  w i t h  the c o n t r o l  and h e a l t h  mon i to r ing  s igna ls  cons is ts  o f  one 
15538 cable connect ion for  each subassembly. The cable connections a re  
loca ted  a t  t he  upstream end of t he  s t i n g e r  near the  f l u i d  i n t e r f a c e .  
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8.0 TEST AND VERIF ICATION 

Test and v e r i f i c a t i o n  of t h e  hardware, sof tware,  and support  equipment f o r  t he  
r e s i s t o j e t  assembly i nvo l ve  (1 )  development, q u a l i f i c a t l o n ,  and acceptance 
t e s t s  a t  t he  component l e v e l  and w i t h  the  subassembly, and (2 )  major ground 
t e s t ,  prelaunch preparat lon,  and i n - o r b i t  v e r i f i c a t i o n  o f  the  assembly. Two 
i d e n t i c a l  subassemblies, one o f  which i s  redundant, comprise t h e  r e s i s t o j e t  
as semb 1 y . 
The phi losophy f o r  c o s t - e f f e c t i v e  t e s t  and v e r i f i c a t i o n  i s  based upon 

> 
The protof  l i g h t  concept 

0 A combination o f  t e s t ,  ana lys i s  demonstration, and inspec t i on  f o r  
j 

v e r i  f i c a t  i on 

Minimizing dedicated t e s t  hardware 

With the  p ro to f l i gh t : concep t ,  as much as poss ib le  o f  t he  hardware a f t e r  
q u a l i f i c a t i o n  tes t i ng '  i s  re furb ished,  re-acceptance tested,  and incorporated 
i n t o  the  f l i g h t  r e s i s t o j e t  assembly. The l e v e l  o f  q u a l i f i c a t i o n  t e s t i n g  f o r  
t h e  p r o t o f l i g h t  concept i s  s p e c i f i e d  i n  MIL-STD 15406. 

A t e s t  and v e r i f i c a t i o n  f l o w  c h a r t  f rom component t e s t  through opera t iona l  
checkout i n  o r b i t  i s  shown i n  F ig .  16. The type o f  t e s t  a t  each stage o f  t e s t  
and v e r i f i c a t i o n  i s  ind ica ted .  Typ ica l  t e s t s  a re  l i s t e d  i n  Table 18. I n  
o r b i t  t e s t i n g  includes v e r i f y i n g  the  i n t e g r i t y  o f  f l u i d  and e l e c t r i c a l  con- 
nect ions,  a c t i v a t i o n  t e s t s ,  and f i n a l  readiness v e r i f i c a t i o n .  

The t e s t  and v e r i f i c a t i o n  i s  i n teg ra ted  i n t o  the  schedule shown i n  F ig .  17. 
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TABLE 18 

TYPICAL ORU TEST REQUIREMENTS 

TEST REQUIREMENT 

FUNCTIONAL TEST 
PERFORMANCE 
INTERFACES 

PRESSURE 

FLIGHT VIBRATION 

THERMAL CYCLING 

THERMAL VACUUM 

ACCELERATlON 

ACOUSTIC* 

FLIGHT SHOCK 

LEAK 

EMC/EMI 

LIFE 

TRANSPORTABILITY 

BOTH NOT REQUIRED 

TESTCAlEGORY 

QUAL 

X 
X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

ACCEPTANCE IN ORBIT 

4456-4 
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9.0 DDThE AND FLIGHT UNIT  COST 

A p re l im ina ry  cost  f o r  t h e  design, development, t e s t ,  eva luat ion,  q u a l i f i c a -  
t i o n ,  and f l i g h t  hardware of t h e  r e s i s t o j e t  assembly was prepared. Ground 
r u l e s  f o r  t h e  cos t  est imates a re  l i s t e d  i n  Table 19. The f l i g h t  hardware 
cons is ts  o f  three i d e n t i c a l  subassemblies. Two subassemblies, one o f  which i s  
redundant, comprise the  r e s i s t o j e t  assembly i n s t a l l e d  a t  t he  end o f  t h e  
s t i nge r .  The t h i r d  subassembly serves as t h e  o r b i t a l  replacement u n i t  (ORU).  

The data bus i n t e r f a c e  u n i t ,  embedded da ta  processor, m u l t i p l e x e r -  
demul t ip lexer ,  and va-lve d r i v e r s  a re  considered t o  be government-furnished or 
WP-02 contractor- furn ished equipment. Consequently, design, development t e s t ,  
and hardware cost f o r  these components a re  n o t  inc luded.  

Cost est imates do no t  inc lude o v e r a l l  program management f o r  i n t e g r a t i o n  i n t o  
the o v e r a l l  propuls ion system. This  e f f o r t  i s  assumed t o  be the  f u n c t i o n  o f  
the WP-02 contractor .  

A sumnary o f  the costs  i s  presented i n  Table 20. Costs a re  expressed i n  
constant  FY 1987 d o l l a r s .  The costs  i nc lude  a l l  app l i cab le  overheads and 
f a c t o r s .  No fee  has been inc luded i n  the  est imate.  The t o t a l  cos t  i s  
est imated t o  be $16 m i l l i o n .  

A cos t  breakdown by component i s  presented i n  Table 21. 



TABLE 19 

' COMPONENT 
DEVELOPMENT, 
TEST BED AND 

MODULES 
1 PROTOTYPE 

GROUND RULES FOR ROM COST ESTIMATE OF 
RES1 STOJ ET PROPULSIO!! MODULE 

4578 

1320 

1934 

7832 
1 

0 DDT&E, QUALIFICATION, AND FLIGHT HARDWARE 

939 

1061 

744 

2744 

0 DATA BUS INTERFACE UNIT, EDP, MDM, GN&C THRUSTER 
VALVE DRIVER ARE GFE (REFERENCE: PROPULSION 
ASSEMBLY ELEMENT BCD, OCTOBER 9,1986) 

295 

5242 

- 

5537 

PROGRAM MANAGEMENT IS INCLUDED IN OVERALL 
SPACE STAT!ON PROPULSION SYSTEM EFFORT 

INTEGRATION WITH SPACE STATION IS RESPONSIBILITY 
OF WP-02 CONTRACTOR 

86D-13-1216 
FY 1987 DOLLARS WITHOUT FEE 

TABLE 20 

ROM COS1 OF DDT&E AND FLIGHI RESISTOJET 
PROPULSION MODULE 

CATEGORY 

LABOR 

HARDWARE 

SUPPLIER NON-RECURRING 

TOTAL 

COST (KS) 

TOTAL 16,113 
86D-13-1217A 
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10.0 CONCLUSIONS AND RECOMMENDATIONS 

I n i t i a l  s tudy ind ica tes  t h a t  a l o n g - l i f e ,  r e l i a b l e ,  and f l e x i b l e  r e s i s t o j e t  
assembly can be developed f o r  Space S t a t i o n  a t  reasonable cos t .  The assembly 
incorporates r e s i s t o j e t  t h rus te rs ,  which are  c u r r e n t l y  being designed f o r  
Space S ta t i on .  The requirements f o r  a l l  o f  t he  f l u i d  components, except f o r  
t h e  water vaporizer, a re  s i m i l a r  t o  those on o the r  Space S t a t i o n  systems; 
consequently, concept comnonality should minimize development cost .  The power 
c o n t r o l l e r  a l so  incorporates components t h a t  w i l l  be developed f o r  o ther  space 
s t a t i o n  systems, thus reducing development and v e r i f i c a t i o n  costs.  

Recomnended add i t i ona l  s tud ies  t o  be conducted p r i o r  t o  Phase C / D  a re  as 
f 0 1 1 ows : . 

Conceptual design and ana lys i s  o f  r e s i s t o j e t  assembly 

Control system study 

Cost update 

The conceptual design inc ludes prepara t ion  o f  l ayou t  drawings o f  t he  assembly, 
both s tored i n  the Space S h u t t l e  and deployed. The drawings inc lude component 
geometry and packaging, dimensions, s t ruc tu re ,  connections t o  the  f l u i d  s t o r -  
age and power systems, attachments, and sh ie ld ing .  The conceptual design 
inc ludes f low,  thermal, and s t r u c t u r a l  ana lys i s  i n  support  o f  t he  design. 

The c o n t r o l  system study inc ludes t h e  power con t ro l ,  f l u i d  f l o w  con t ro l ,  and 
hea l th  monitor ing.  Overa l l  opera t iona l  l o g i c ,  sequencing t i m e  l i nes ,  t r a n -  
s i e n t  e f f e c t s ,  and i n t e r f a c e  parameters w i t h  the  OMS, GNdrC, and f l u i d  storage 
system should be s tud ied  t o  f u r t h e r  de f i ne  a l o n g - l i f e ,  r e l i a b l e ,  and cos t -  
e f  f e c t i  ve system. 

Based upon the r e s u l t s  o f  t he  f i r s t  two tasks,  t he  r e s i s t o j e t  assembly cos t  
est imates should be updated. 



APPENDIX 

PRELIMINARY SPECIFICATION FOR 

THE RESISTOJET ASSEMBLY 

FOR SPACE STATION 

SPECIFICATION FOR RESISTOJET ASSEMBLY PROPULSION MODULE 

T h i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  requirements and t h e  t e s t  and v e r i f i c a t i o n  

methodology f o r  t h e s e  requirements  f o r  t h e  r e s i s t o j e t  assembly f o r  t h e  Space 

S t a t i o n .  The t e s t  and v e r i f i c a t i o n  methodology covers a l l  phases o f  t h e  pro- 

gram, i . e . ,  development,  q u a l i f i c a t i o n ,  acceptance,  i n t e g r a t e d  systems, pre-  

launch checkout and f l i g h t / m i s s i o n  o p e r a t i o n s .  
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2. APPLICABLE DOCUMENTS 

2.1 Government Documents - The f o l l o w i n g  documents o f  the exact  issue shown 

form a p a r t  of t h i s  s p e c i f i c a t i o n  t o  t h e  ex ten t  s p e c i f i e d  here in .  The e f f e c -  

t i v e  i ssue o f  those documents n o t  s p e c i f i c a l l y  i d e n t i f i e d  by change l e t t e r  o r  

date s h a l l  be the  l a t e s t  issue i n  e f f e c t  on t h e  date o f  con t rac t .  I n  the  

event o f  . c o n f l i c t  between t h e  documents referenced he re in  and t h e  contents o f  

t h i s  spec i f i ca t i on ,  the contents of t h i s  s p e c i f i c a t i o n  s h a l l  be t h e  supersed- 

i n g  requ i  rement. 

SPECIFICATIONS 

MIL-P-116H (1 ) 

M I  L-P-452130 ( 1 ) 

STANDARDS 

MI L-STO -1 30F 

(Not ice 1 )  

MIL-S1D -1438 

MIL-STD-419C 

MIL-STD-4618 

MIL-S1 U-704D 
52 

Preservat ion,  Methods o f  

Preservat ion and Packing o f  Rocket and 

M i s s i l e  Systems Equipment f o r  Shipment 

I d e n t i f i c a t i o n  Marking o f  U.S. 

M i  1 i t a r y  Proper ty  

Standards and Spec i f i ca t i ons ,  O r d e r  

o f  Precedence f o r  t he  Se lec t i on  o f  

Cleaning and Pro tec t i ng  Pip ing,  

Tubing, and F i t t i n g s  f o r  Hydraul ic  

Power l ransmiss ion  Equipment 

Electromagnet ic Emission and 

S u s c e p t i b i l i t y  Requirements f o r  

Cont ro l  o f  Electromagnet ic 

In te r fe rence  

A i  r c  r a f  t E 1 e c t r i  c Power 

Charac te r i s t i cs  



STANDARDS (Continued) 

H I  L-STD-7 67C 

2 June 1981 

MIL-STD-889B 

MIL-STD-975F 

MIL-STD-1472C 

(Not ice 2) 

MIL-STD-1522A 

(Not ice 1) 

MIL-STD-15408 

MIL-STD-1546 

1 2  February 1981 

MIL-STD-1547 

31 October 1980 

M I L - S l D  -1 568A 

Cleaning Requirements f o r  Special  

Purpose Equipment, I nc lud ing  P ip ing  

Sys tems 

D i s s i m i l a r  Metals 

NASA Standard, E l e c t r o n i c / E l e c t r i c a l /  

Electromechanical (EEE)  Par ts  L i s t  

Human Engineer ing Design C r i t e r i a  f o r  

M i l i t a r y  Systems, Equipment and 

Faci  1 i t i e s  

Standard General Requirements f o r  Safe 

Design and Operat ion o f  Pressur ized 

M i s s i l e  and Space Systems 

l e s t  Requirements f o r  Space Vehicles 

Par ts ,  Ma te r ia l s  and Processes, 

Standard izat ion Contro l  and Management 

?rogr;m f s r  S p a c e c r a f t  anrl Lailnch 

Vehic les 

Parts,  Mater ia ls ,  and Processes f o r  

Space and Launch Vehicles, Technical 

Requirements f o r  

Ma te r ia l s  and Processes f o r  Corrosion 

Prevent ion and Contro l  i n  Aerospace 

Weapon Systems 

53 



I STANDARDS (Continued) 

MIL-HDBK-SD 

1 
MIL-HDBK-17A-1 

MIL-STD-1595A 

~ 

M I  L-STD-45662 

(Not ice 3)  

14 December 1984 

HANDBOOKS 

H I  L-HDBK-17A -2 

MIL-HDBK-23A 

MIL-HDBK-217D I 

OTHER PUBLICA1 1 4  

Accession No. Document No. 

3 84 0000 1 JSC 30000 

Q u a l i f i c a t i o n  o f  A i r c r a f t ,  M i s s i l e  8 

Aerospace Fusion Welders 

C a l i b r a t i o n  Systems Requirements 

Aerospace Vehic le  S t ruc tu res ,  

M e t a l l i c  M a t e r i a l s  b Elements f o r  

P l a s t i c  f o r  Aerospace Vehic les,  

Reinforced P l a s t i c s  

P l a s t i c  f o r  F l i g h t  Vehic les Par t  2 

Transparent Glazing M a t e r i a l s  

S t r u c t u r a l  Sandwich Composites 

R e l i a b i l i t y  P r e d i c t i o n  of  E l e c t r o n i c s  

€qui  pmen t 

Product Assurance Requirements f o r  

t h e  Space S t a t i o n  Program 
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OTHER PUBLICATIONS (Continued) 

- Accesslon No. Document No. 

J 84 00002 

3 84 0000 3 

38400004 

38500005 

58400020 

3 840002 1 

J840004 0 

58400042 

KHB 1700.7 

NHB 1700.7A 

NHB 8060.18 

JSC 08060 

JSCO7700 

JSC 19649 

JSC-STD -20001 

NASA 1 H -82583 

SP-R -0022A 

Space Transportation System, Payload, 
Ground Safety Handbook 

Safety Policy and Requirements for 
Payloads Using the STS 

Flammability, Odor, and Offgassing 
Requirements and lest Procedures for 
Materials in Environments 

Space Shuttle System Pyrotechnic 
Specification 
Space Shuttle System Payload 
Accommodation Handbook 

Space Station Fracture Control Plan 

Orbi ta 1 Debris Envi ronment for Space 
Station 

Naturai Environment Design Criteria 
for the Space Station Program 
Definition Phase 

General Specification - Vacuum 
Stability Requirements of Polymetric 
Material for Spacecraft Application 
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OTHER PUBLICATIONS (Continued) 

Accession No. Document No. 

38400043 MSFC-STD-522A 

NASA TM-86460 

Rev. 1 

NASA-TM-86498 

JSC 19649 

JSC 20149 

JSC 30203 

JSC 30207 

JSC 30209 

JSC 30213 

NASA SP-8013 

Design C r i t e r i a  f o r  C o n t r o l l i n g  

Stress Corrosion Cracking 

Environmental Considerat ions Design 

C r i t e r i a  f o r  t h e  Space S t a t i o n  

Program D e f i n i t i o n  Phase 

Na tu ra l  Environment Design C r i t e r i a  

f o r  Space S t a t i o n  D e f i n i t i o n  and 

Pre l  im ina ry  Design 

Space S h u t t l e  F rac tu re  Contro l  Plan 

General S p e c i f i c a t i o n ,  Space S t a t i o n  

Requirements f o r  M a t e r i a l  Processing 

On O r b i t  Maintenance Operations Plan 

NASA I n t e g r a t e d  L o g i s t i c s  Support 

( ILS)  Plan 

Combined Leve 1 A/B Software 

Management Plan 

Space S t a t i o n  Program Design C r i t e r i a  

and Prac t i ces  

Environment, Meteoroid Model 

\ 
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OTHER PUBLICATIONS (Continued) 

Accession No. Document No. 

FED-STD-1028 

MSFC-SPEC-504 

MSFC-SPEC-506 

MSFC-SPEC-522 

MSFC-SPEC-560 

MSFC-STD-655 

5840004 1 MSFC-STD-5068 

MSFC-85M0389286 

uu-ruuuu 1onnnno-j I NASA-TH-82478 

DOD-STD-2167 

4 June 1985 

Preservat ion,  Packaging and Packing 

Levels 

Welding, Aluminum A l l oys  

Standard Ma te r ia l s  and Processes 

Contro l  

St ress Corrosion Contro l  

Welding Steels,  Corros ion and Heat 

Re jec t ion  

Weld F i l l e r  Mater ia ls ,  Cont ro l  o f  

Standard Ma te r ia l s  and Process Contro l  

Electronic/Electrical/Electromechanical 
Selec t ion  and Contro l  Requirements, 

Space S h u t t l e  Main Engine 

-r--- qnare and -..- Planptary  . - . . - - - .  Environment 

C r i t e r i a  Guidel ines f o r  Use i n  Space 

Vehic le Development 

Defense System Software Development 
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2.2 Nongovernment Documents - The f o l l o w i n g  documents form a p a r t  of t h i s  

s p e c i f i c a t i o n  t o  t h e  ex ten t  s p e c i f i e d  i n  Sect ions 3 ,  4, and 5. The e f f e c t i v e  

i ssue o f  those documents n o t  s p e c i f i c a l l y  i d e n t i f i e d  by change l e t t e r  o r  date 

s h a l l  be t h e  l a t e s t  issue i n  e f f e c t  on the  date o f  con t rac t .  I n  the  event o f  

c o n f l i c t  between the  documents referenced he re in  and t h e  content  o f  t h i s  

s p e c i f i c a t i o n ,  t h e  content  o f  t h i s  s p e c i f i c a t i o n  s h a l l  be t h e  superseding 

requirement. 

SPECIFICATIONS TBD 

STANDARDS 1 BD 

OTHER PUBLICATIONS TBD 



3. REQUIREMENTS 

3.1 I t em D e f i n i t i o n  

3.1.1 General Desc r ip t i on  - The main purposes o f  t h e  Space S t a t i o n  propu ls ion  

system a re  a l t i t u d e  maintenance, reac t ion  c o n t r o l / a t t i t u d e  con t ro l ,  and c o l l i -  

s i on  avoidance. The r e s i s t o j e t  has the unique a b i l i t y  t o  p rov ide  t h r u s t  f o r  

t h e  a l t i t u d e  maintenance f u n c t i o n  (atmospheric drag makeup) w h i l e  d ispos ing of  

a wide v a r i e t y  o f  excess f l u i d s  expected t o  be present  on board Space Sta- 
t i o n .  The r e s i s t o j e t  p ropu ls ion  system i s  a low- thrust  (approximately 100 

m i l l i pounds )  supplement t o  a h igh- thrust  (approximately 25 pounds) p ropu ls ion  

system. The h igh - th rus t  system w i l l  be requ i red  t o  per form a l l  r eac t i on  

c o n t r o l / a t t i t u d e  c o n t r o l  func t ions ,  i nc lud ing  c o l l i s i o n  avoidance, and t o  p e r -  

form a l t i t u d e  maintenance requirements n o t  provided by t h e  r e s i s t o j e t  system. 

3.1.2 Miss ion - The r e s i s t o j e t  assembly s h a l l  prov ide the  c a p a b i l i t y  o f  d i s -  

posing o f  t he  Space S t a t i o n  waste gases and waste water.  

3.1.3 Operat ional  Concepts - The r e s i s t o j e t  assembly launch package s h a l l  per-  

form (1)  ground operat ions t o  ensure STS i n t e r f a c e  c o m p a t i b i l i t y ,  (2)  launch 

operat ions mounted i n  f l i g h t  support equipment i n  t h e  o r b i t e r  bay, and 

(3 )  assembly on-orb i t  and associated checkout. The r e s i s t o j e t  assembly s h a l l  

operate i n  o r b i t  a s  spec i f ied  i n  3.2.1.5 under the  cond i t ions  spec i f i ed  i n  

3.2.7. 

3.1.4. Major Assembly L i s t  - The r e s i s t o j e t  assembly s h a l l  cons i s t  o f  t h e  

i tems l i s t e d  i n  the  f o l l o w i n g  subparagraphs: 

3.1.4.1 Res is to je t  Subsystem Assemblies - TED 



3.1 -4.2 I n t e q r a t l o n  Hardware - TBD 

3.1.4.3 Government-Furnished Proper ty  - TBD 

3.1.5 Software Items - TED 

3.2 Charac te r i s t i cs  and Reauirements - TED 

3.2.1 Performance - TBD 

3.2.2 Phys i ca 1 Charac t e r i  s t  i cs 

3.2.2.1 Location - TBD 

3.2.2.2 ODeratinq Envelope - TDB Axis 

3.2.4 R e l i a b i l i t y  - (TBD) Refer t o  6.1.1. 

3.2.4.1 M a i n t a i n a b i l i t y  - The r e s i s t o j e t  assembly s h a l l  be mainta inable i n  

o r b i t .  Refer t o  6.1.2. 

3.2.4.2 Maintenance - M a i n t a i n a b i l i t y  F rov i s ions  s h a l l  ensure t h a t  a l l  non- 

emergency maintenance s h a l l  be performed w i t h  t h e  beta j o i n t  deac t iva ted  and 

w i t h  the  PV array o r ien ted  between 90 t o  180 degrees away f rom t h e  sun. 

3.2.4.3 O r b i t a l  Replaceable U n i t s  (ORU) - A l l  ORUs s h a l l  be replaceable w i t h  

t h e  use o f  EVA o r  remote maintenance. ORUs s h a l l  be designed t o  be removed 

and replaced w i thout  removing o t h e r  ORUs where p r a c t i c a l .  Each ORU s h a l l  be 

o p e r a t i o n a l l y  v e r i f i a b l e .  

3.2.4.4 F a u l t  Detect ion - The r e s i s t o j e t  assembly s h a l l  p rov ide  f o r  remote 

f a u l t  de tec t i on  and f a u l t  i s o l a t i o n .  
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3.2.5 

assembly s h a l l  be TBD. 

A v a i l a b i l i t y  - The minimum a v a i l a b i l i t y  requirement f o r  t h e  r e s i s t o j e t  

3.2.5.1 Serv ice L i f e  - The r e s i s t o j e t  assembly s h a l l  have t h e  c a p a b i l i t y  t o  

remain opera t iona l  i n d e f i n i t e l y  through p e r i o d i c  inspec t ion ,  maintenance, and 

replacement o f  components. 

3.2.5.2 S torab le  L i f e  - The r e s i s t o j e t  assembly s h a l l  have a s torage l i f e  of  

TBD years. 

3.2.6 Sa fe ty  - (TBD) Refer t o  6.1.3. 

3.2.6.1 Hazard Analys is  - The Contractor  s h a l l  per form hazard analyses t o  

i d e n t i f y  known and p o t e n t i a l  hazards, e s t a b l i s h  p revent ive  measures, and pro-  

v ide  f o r  v e r i f i c a t i o n  t h a t  each hazard has been e l iminated,  c o n t r o l l e d ,  o r  

reduced t o  t h e  l e v e l  o f  an acceptable r i s k .  

3.2.6.2 Safe Temperatures - Astronauts s h a l l  n o t  be exposed t o  any surfaces 

g r e a t e r  i n  temperature than 235 F. A l l  exposed surfaces s h a l l  be l e s s  than 

t h i s  temperature du r ing  normal operat ion.  

3.2.7 Environment - The r e s i s t o j e t  assembly s h a l l  meet t h e  performance 

requirements o f  3.2.1 a f t e r  and dur ing exposure t o  t h e  f o l l o w i n g  na tu ra l  and 

induced environmental cond i t ions .  

3.2.7.1 Natura l  Environment - l he  r e s i s t o j e t  assembly s h a l l  be designed t o  

w i ths tand t h e  n a t u r a l  environmental cond i t i ons  s p e c i f i e d  i n  NASA-TM-86498 and 

t h e  f o l l o w i n g  subparagraphs. 

3.2.7.1.1 A l t i t u d e  - The r e s i s t o j e t  assembly s h a l l  be designed t o  operate i n  

a low e a r t h  o r b i t .  The a l t i t u d e  w i l l  va ry  f rom 180 nmi t o  250 nmi. 
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I -  3.2.7.1.2 Meteoroids - The r e s i s t o j e t  assembly s h a l l  be designed f o r  protec-  

t i o n  aga ins t  micrometeoroids. The micrometeoroid model prov ided i n  NASA TH 

82478 and SP8013 s h a l l  be used. Micrometeoroid p r o t e c t i o n  s h a l l  be s p e c i f i c  

t o  t h e  assembly as fo l lows:  TBD 

3.2.7.1.3 Atomic Oxygen - Component hardware and s t ruc tu res  which a re  

d i r e c t l y  exposed t o  the low ea r th  o r b i t  atomic oxygen (AO) environment s h a l l  

be designed t o  meet the  serv ice  l i f e  requirements w h i l e  being subjected t o  a 
constant -atomic oxygen f l u x  o f  1 .S x 1014 atoms/cm -set.  2 

3.2.7.1.4 Vacuum and Outgassing - The vacuum environment and outgassing 

caused by t h e  na tura l  environment w i l l  be as s p e c i f i e d  i n  SP-R-0022. 

3.2.7.1.5 Ground Condit ions - The r e s i s t o j e t  assembly s h a l l  be capable o f  

wi thstanding the f o l l o w i n g  na tu ra l  ground environmental cond i t ions :  

Humidity: (TED) 

Dust (TBD 1 
0 Temperature: (TBD) 

3.2.7.2 Induced Environment - The r e s i s t o j e t  assembly s h a l l  be designed t o  

wi thstand induced environmental cond i t ions  i n c l u d i n g  electromagnet ics,  v ib ra -  

t i o n ,  acoust ics,  shock, temperature, reduced atmosphere, contamination, and 

r a d i a t i o n  under checkout, launch, and o r b i t a l  cond i t ions ,  as s p e c i f i e d  i n  NASA 

TH-86460 and JSC O T / O O .  

3.2.8 T r a n s p o r t a b i l i t y  - l h e  r e s i s t o j e t  assembly s h a l l  be capable o f  being 

t ranspor ted,  using normal t r a n s p o r t a t i o n  methods, t o  requ i red  assembly, t e s t ,  

and launch f a c i l i t i e s .  Hardware s h a l l  be t ranspor ted  and packaged such t h a t  

t he  t ranspor t  does no t  impose more s t r i n g e n t  requirements on the  f l i g h t  hard- 

ware than the  f l i g h t  environment. 



3.2.8.1 Launch . The r e s i s t o j e t  assembly and i t s  components s h a l l  be capable 

o f  wi thstanding t h e  expected launch cond i t ions  s p e c i f i e d  i n  JSC 07700. 

3.2.8.2 Ground Handling -' The r e s i s t o j e t  assembly s h a l l  be capable o f  w i th -  

s tanding the maximum G f a c t o r  t h a t  w i l l  be encountered du r ing  ground hand l ing  

o f  1.5 6. 

3.2.8.3 Space Transpor ta t ion  System (STS) - The r e s i s t o j e t  assembly s h a l l  be 

capable of being packaged i n  and launched on the  STS. A l l  ORUs must f i t  up 

w i t h  the provided launch c rad les  o r  p a l l e t s .  

3.2.9 Storable - Items s h a l l  be stored i n  a c o n t r o l l e d  and shel tered env i ron-  

ment and s h a l l  be compatible wi th t h e  p reserva t ion  methods o f  MIL-P-116 t o  the  

appropr ia te  l e v e l  s p e c i f i e d  i n  FED-STD-102 so t h a t  p r o t e c t i o n  may be provided 

du r ing  storage. 

3.2.10 Software Performance Requirements - Except where superseded by o ther  

governing documents, sof tware performance s h a l l  be i n  accordance w i t h  the  

standards s p e c i f i e d  i n  DOD-STD-2167. 

3.2.10.1 General Descr iDt ion - Software s h a l l  be def ined t o  mean a l l  sets  of 

associated computer i n s t r u c t i o n s  and computer data d e f i n i t i o n ,  i n  any 

language, w r i t t e n  t o  enable any p r o c e s s x  hardware t o  perform computation o r  

c o n t r o l  func t ions  f o r  the  operat ion o r  support  o f  t he  Space S t a t i o n  and i t s  

development. It a l s o  inc ludes a l l  data, l i s t i n g s ,  and associated documenta- 

t i o n .  Also, f o r  t he  purposes o f  t h i s  document, and i n  accordance w i t h  JSC 
30209, the  term sof tware w i l l  inc lude any firmware t h a t  i s  under Space S t a t i o n  

con f igu ra t i on  c o n t r o l .  Firmware i s  considered t o  be code o r  data loaded i n  a 

c lass  o f  computer memory t h a t  cannot be dynamical ly mod i f ied  dur ing  process- 

i ng .  l h e  Space S t a t i o n  r e s i s t o j e t  assembly e l e c t r i c a l  power system sof tware 

s h a l l  cons is t  o f  two general categor ies:  (1) s t a t i o n  f l i g h t  sof tware and (2 )  

s t a t i o n  support sof tware.  These two  ca tegor ies  a re  f u r t h e r  d i v ided  as i n d i -  

cated i n  the  f o l l o w i n g  subsections. 
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3.2.10.2 F l i q h t  Software - R e s i s t o j e t  assembly f l i g h t  sof tware s h a l l  cons i s t  

o f  a l l  programs operat ing on those processors t h a t  a r e  requ i red  t o  operate the  

assembly onboard the  Space S ta t i on .  

developed by the Contractor  f o r  c o n t r o l  and datz  management i n  connect ion w i t h  

the  r e s i s t o j e t  assembly. 

I t  inc ludes a l l  sof tware and firmware 

3.2.10.2.1 F l i q h t  Software Requirements 

a. 

b .  

C .  

d. 

The f l i g h t  sof tware s h a l l  execute on a s e t  o f  processors conf igured 

t o  provide a h ie ra rcha l  c o n t r o l  s t ruc tu re ,  w i t h  the  processors i n  
each leve l  p rov id ing  c o n t r o l  over an i nc reas ing l y  narrow subset o f  

the  e n t i r e  system. 

I t  sha l l  be poss ib le  t o  make on -o rb i t  upgrades o r  mod i f i ca t i ons  t o  

software loaded i n  v o l a t i l e  memory w i thou t  i n t e r r u p t i o n  o f  normal 

r e s i s t o j e t  assembly operat ions.  

A l l  f l i g h t  sof tware s h a l l  be w r i t t e n  i n  Ada and t rans la ted  i n t o  

executable code us ing a c e r t i f i e d  Ada compi ler .  

The software s h a l l  execute on one o f  t he  s t a t i o n  standard data 

processors ( S O P S ) .  

3.2.10.2.1.1 Q u a l i t y  Factors - A l l  r e s i s t o j e t  assembly f l i g h t  sof tware shall: 

a .  Be designed i n  a s t ruc tu red  format, w i t h  a l l  programs d i v ided  i n t o  

modules o f  genera l l y  no more than 100 executable l i n e s  per  module. 

b. U t i l i z e  memory space such t h a t  i t  i s  poss ib le  t o  load a new vers ion 

o f  an e x i s t i n g  program onto the  opera t ing  processor w i thou t  i n t e r -  

f e r i n g  w i t h  the  execut ion o f  the  cu r ren t  sof tware.  
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c .  Undergo q u a l i t y  eva lua t ion  as spec i f i ed  i n  00D-STO-2167. 

3.2.10.3 Support Software - Support sof tware s h a l l  c o n s t i t u t e  a l l  sof tware 

w r i t t e n  o r  obtained t o  f u n c t i o n  i n  a suppor t ing r o l e  f o r  t h e  operat ion,  devel-  

opment, t e s t ,  o r  v a l i d a t i o n  of the s t a t i o n  f l i g h t  sof tware.  It w i l l  genera l l y  

n o t  be res iden t  on any processor tha t  i s  p h y s i c a l l y  onboard the  s t a t i o n ,  b u t  

i s  a n t i c i p a t e d  being u t i l i z e d  on ground support  computers exc lus i ve l y .  

3.2.10.3rl ODerational Support Software - That body o f  sof tware which w i l l  be 

u t i l i z e d  i n  ground mon i to r ing  of on-orb i t  EPS operat ions,  prelaunch checkout, 

and o i i -o rb i t  upgrades s h a l l  be def ined as cperat lona! support  sof tware.  It 

may inc lude comnerc ia l ly  a v a i l a b l e  software as w e l l  as programs w r i t t e n  speci-  
f i c a l l y  f o r  t he  Space S t a t i o n  p ro jec t .  A l l  opera t iona l  support  sof tware s h a l l :  

a. Be spec i f ied ,  monitored, and sub jec t  t o  c o n t r o l s  appropr ia te  w i t h  

i t s  r a t i n g  f o r  man- o r  m i s s i o n - c r i t i c a l i t y  i n  accordance w i t h  the  

category des ignat ions spec i f ied  i n  the  NASA Lewis Research Center 

Space S t a t i o n  Software Management Plan. 

b. Be w r i t t e n  i n  Ada and t rans la ted  i n t o  executable code us ing a c e r t i -  

f i e d  Ada compi ler .  

3.2.10.3.2 Development Support Sof twar t  - That body o f  sof tware which w i l l  be 

u t i l i z e d  i n  support o f  sof tware design, coding, and t e s t i n g  func t ions  i s  

de f ined as development support  sofiwiare. A I  1 development suppor t  j i j f t t ja i -e  

s h a l l :  

a .  Conform t o  app l i cab le  standards es tab l l shed f o r  the Space S t a t i o n  

software support environment (SSE). 

b, Execute on standard support environment hos t  computers. 
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3.2.10.3.2.1 Software S u w o r t ’  Environment - The station software support 
environment (SSE) will consist of all software tools, and simulations, that 
will be used in any phase of the development of flight software, or opera- 
tional support software, for the station project in general. It i s  antici- 
pated that many of the necessary tools and simulators will be provided as part 
of the program-wide SSE being coordinated by NASA. Wherever possible, soft- 
ware development tools- shall be from the SSE to provide program-wide uniform- 
ity of documentation and approach. 

3.2.10.3.1.2 Interim SSE - Should portions of the general SSE not be ready 
for site utilization when needed, then the local site shall generate or other- 
wise obtain necessary software tools as part of an interim SSE. Those por- 
tions of the SSE that are available shall be used where appropriate, and any 
interim tools shall be phased out as standard counterparts become available. 

3.2.10.4 Software Operational Environment - All software specified herein 
shall execute on one of the standard host computers designated as a component 
of the SSE. Additional requirements shall apply to flight software. 

3.2.10.4.1 Flight Software ODerational Environment - The environment of 
3.2.10.4 shall be considered an intermediate requirement for the test and 
demonstration of flight software during development. The final operational 
environment shall be one of the Space Station SPDs,  selected to provide ade- 
quate computational capability and memory storage for the software to meet the 
requirements of 3.2.10.5. 

3.2.10.4.2 Support Softwar- Operational Environment - The support software 
shall operate on one o f  the standard host computers designated as a component 
of the station SSE. 
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3.2.10.5 Software Funct ional  Requirements - General f u n c t i o n a l  requirements 

f o r  t h e  r e s i s t o j e t  assembly software are: 

a. The r e s i s t o j e t  assembly software s h a l l  p rov ide  o v e r a l l  c o n t r o l  of 

t h e  hardware and associated func t i ons  f o r  r e s i s t o j e t  assembly 

operat ion.  

b. Based on data exchanged w i th  guidance nav iga t i on  and c o n t r o l  ( G N U ) ,  
- ' the  r e s i s t o j e t  assembly software s h a l l  coord ina te  t h e  waste d isposa l  

o f  t h e  FMS. 

c .  The r e s i s t o j e t  assembly software s h a l l  support sensor monitor ing,  

data reduct ion,  and da ta  t r a n s f e r  f o r  s ta tus  repor t ing ,  h e a l t h  

monitor ing,  and sel f -d iagnosis.  

3.2.10.5.1 

on t h e  r e s i s t o j e t  assembly s h a l l  be p a r t  o f  t he  FMS software hierarchy. 

R e s i s t o j e t  Assembly Con t ro l l e r  Software - The software execut ing 

3.2.10.5.2 I n d i v i d u a l  Component Software - Software loaded on to  l o c a l  embed- 

ded processors , o r  firmware res ident  on component programmable read o n l y  

memories (PROMS), s h a l l  conform t o  the general requirements f o r  redundancy, 

r e l i a b i l i t y ,  and documentation. 

3.3 Design and Construct ion Standards 

3.3.1 w c i f i c a t i o n s  and Standards - A l l  s p e c i f i c a t i o n s  and standards s h a l l  

be se lec ted  i n  accordance w i t h  MIL-STO-143. Electrical/Electronic/Electro- 
mechanical ( E E E )  p a r t  s h a l l  be i n  accordance w i t h  MSFC-85H03928 (JAN Class "S" 

or' JAN Class I 'B'') and MIL-STD-975 (Appendix B) as app l i cab le  o r  MIL-S1D-1546 

and MIL-STD-1547 as app l icab le .  

3.3.2 Ma te r ia l s ,  Processes, and Parts - MIL-HDBK-5, MIL-HDBK-17, MIL-HDBK-23, 

s h a l l  be used f o r  se lec t i on  o f  mater ia ls  covered the re in .  
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3.3.2.1 Hazardous Ma te r ia l s  - The requirements f o r  hazardous ma te r ia l s  s h a l l  

be as fo l l ows :  

a. General - The use o f  hazardous m a t e r i a l s  s h a l l  be minimized; those 

used s h a l l  meet the  app l i cab le  requirements spec i f i ed  in NHB 8060.1. 

b. Mater ia l  Radiat ion E f f e c t s  - Mate r ia l s  and components sub jec t  t o  

ins id ious  degradat ion i n  Space S t a t i o n  i o n i z i n g  environment s h a l l  

n o t  be used where t h a t  degradat ion can cause o r  con t r i bu te  t o  any 

personnel hazards o r  reduce component l i f e  expectancy. 

c. Mercury - The use of mercury o r  i t s  compounds s h a l l  be r e s t r i c t e d .  

3.3.2.2 S t ruc ture  - The r e s i s t o j e t  assembly s t r u c t u r a l  requirements s h a l l  be 

as fo l l ows :  

a. S t ruc tu ra l  mater ia ls  s h a l l  be r e s i s t a n t  t o  damage f r o m  impact by 

both micrometeoroids and space debr i s .  The meteoroid model i s  

def ined i n  SP-8013, and NASA 1M-82585. The o r b i t a l  debr is  env i ron-  

ment i s  def ined i n  JSC 20001. Penet ra t ion  o f  any pressur ized com- 

ponent s h a l l  no t  cause loss  o f  pressure c a p a b i l i t y  i n  adjacent 

e 1 emen t s . 

b. A l l  s t ruc tu res  s h a l l  have p o s i t i v e  margins o f  sa fe ty  (MS) f o r  a l l  

load cond i t ions .  The f o l l o w i n g  equat ion de f ines  MS: 

-1 .o Al lowable Load 
L i m i t  Load x Factor  o f  Safety  (FS) 

MS e -- 

-- Note: Factors o f  s a f e t y  a re  assumed m u l t i p l i c a t i v e  constants app l ied  t o  

maximum expected o r  l i m i t  loads t h a t  occur dur ing  any phase of  t he  

hardware from manufacture throughout i t s  opera t iona l  l i f e  t o  

account f o r  unce r ta in t i es  i n  load d e f i n i t i o n ,  ma te r ia l  p roper t i es ,  

dimensional d iscrepancies,  e t c .  



c.  The s t r u c t u r e  ma te r ia l s  sha l l  have appropr ia te  f r a c t u r e  c o n t r o l  

requ i  rements as def ined 1 n JSC-19649. 

d. The pr imary,  secondary, and t ranspor t  s t r u c t u r e  s h a l l  be designed so 

t h a t  f a i l u r e  o f  a s i n g l e  s t r u c t u r a l  member s h a l l  n o t  degrade s t reng th  

o r  s t i f f n e s s  t o  the ex ten t  t h a t  t he  crew o r  miss ion i s  placed i n  

jeopardy, o r  s h a l l  n o t  r e s u l t  i n  a ca tas t roph ic  f a i l u r e .  

3.3.2.3 'Margins and Factors o f  Safety - For app l i ca t i ons  i n v o l v i n g  s t ruc tu res  

and pressure vessels, the f o l l o w i n g  d e f i n i t i o n s  s h a l l  apply :  

a. L i m i t  Load - The maximum load expected on the  s t r u c t u r e  du r ing  

miss ion operat ion i nc lud ing  NSTS i n t a c t  abor t .  

b. U l t imate  Factor  of Safety - The f a c t o r  by which the  l i m i t  load i s  

m u l t i p l i e d  t o  ob ta in  the u l t imate  load. 

c .  U l t imate  Load - The product o f  t he  l i m i t  load m u l t i p l i e d  by the  

u l t i m a t e  f a c t o r  o f  sa fe ty .  

d. Al lowable Load - The maximum load which the  s t r u c t u r e  can wi thstand 

w i thou t  rup ture  o r  co l lapse.  

e .  Haximum Operating Pressure - The maximum pressure app l ied  t o  the  

pressure vessel by t h e  p ressur iz ing  system w i t h  the pi-essUre regula- 
t o r s  and r e l i e f  valves a t  t h e i r  upper l i m i t ,  w i t h  the  maximum regula-  

t o r  f l u i d  f lowra te ,  and inc lud ing  the  e f f e c t s  o f  system environment 

such as veh ic le  acce le ra t ion  and pressure t r a n s i e n t s .  

f .  Proof Pressure - The pressure t o  which product ion pressure vessels 

are subjected t o  f u l f  i 11 t h e  acceptance requirements o f  t he  customer 

t o  g i v e  evidence of  s a t i s f a c t o r y  workmanship and ma te r ia l s  q u a l i t y .  

Proof pressure i s  the  product of maximum opera t ing  pressure t i m e s  the  

proof f a c t o r .  
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g. Margin of Safe ty  - The r a t i o  o f  a l lowab le  load t o  u l t i m a t e  loud minus 

one. 

h. Safe L i f e  - A design c r i t e r i o n  under which f a i l u r e  w i l l  n o t  occur 

because o f  undetected f laws o r  damage du r ing  t h e  spec i f i ed  serv ice  

l i f e  of  t h e  vehic le ;  a lso,  t h e  p e r i o d  of t ime f o r  which t h e  i n t e g r i t y  

o f  the s t r u c t u r e  can be ensured i n  t h e  expected operat ing 

environments. 

3.3.2.4 Al lowable Mechanical P roper t i es  - Values f o r  a l lowab le  mechanical 

p roper t i es  of  s t r u c t u r a l  ma te r ia l s  i n  t h e i r  design environment, e.9.. sub- 

j e c t e d  t o  s ing le  o r  combined stresses, s h a l l  be taken f rom MIL-HDBK-5, 

MIL-HDBK-17, MIL-HDBK-23, o r  o t h e r  sources approved by NASA. Where values f o r  

mechanical p roper t ies  o f  new mate r ia l s  o r  j o i n t s  o r  e x i s t i n g  ma te r ia l s  o r  

j o i n t s  i n  new environments are n o t  a v a i l a b l e ,  they s h a l l  be determined by 

a n a l y t i c a l  o r  t e s t  methods approved by NASA. When us ing MIL-HDBK-5, m a t e r i a l  

"A" a l lowab le  values s h a l l  be used i n  a l l  app l i ca t i ons  where f a i l u r e  o f  a 

s i n g l e  load path would r e s u l t  i n  loss o f  veh ic le  s t r u c t u r a l  i n t e g r i t y .  Mate- 

r i a l  ''8'' al lowable values may be used i n  redundant s t r u c t u r e  i n  which t h e  

f a i l u r e  o f  a component would r e s u l t  i n  a safe r e d i s t r i b u t i o n  o f  app l ied  loads 

t o  o the r  load -carry ing members. 

3 .3 .2 .5  Faague - S a f e - l i f e  design s h a l l  be adopted f o r  a l l  major l o a d -  

c a r r y i n g  s t r u c t u r e r .  These s t ruc tu res  s h a l l  be capable o f  su rv i v ing  w i thou t  

f a i l u r e  a t o t a l  number o f  miss ion cyc les t h a t  i s  a minimum o f  f o u r  t i m e s  

grea te r  than the t o t a l  number o f  miss ion cyc les  expected i n  serv ice  (shown by 

ana lys is  o r  by t e s t  through a r a t i o n a l l y  der ived  c y c l i c  load ing  and tempera- 

t u r e  spectrum). This  does n o t  prec lude f a i l - s a f e  s t r u c t u r a l  fea tures .  

3 . 3 . 2 . 6  Creep - l h e  design s h a l l  preclude cumulat ive creep s t r a i n  leading t o  

rupture,  det r imenta l  deformation, o r  creep buck l i ng  o f  compression members 

du r ing  t h e i r  service l i f e .  Analys is  s h a l l  be supplemented by t e s t  t o  v e r i f y  

t h e  creep c h a r a c t e r i s t i c s  f o r  t h e  c r i t i c a l  combinat ion o f  loads and 

temperatures. 



3.3.2.7 Thermal Distortion - The effects of thermal distortions in the struc- 
ture shall be included, where applicable, in interface specifications, analy- 
ses of attached systems, and deformation analyses such as loads and pointing 
analyses. The design of the primary structure shall minimize the effects of 
thermal distortions on other systems. 

3.3.2.8 Haterials - Haterials shall comply with MSFC-STD-5068 and shall be 
selected on the basis of functional acceptability and suitability, extended 
life, tec'hnological maturity, manufacturabi lity, inspectabi lity, contamination 
characteristics, specific strength, compatibility, availability, cost, and 
safety. Material selection documentation requirements are defined in JSC 
201 49. 

3.3.2.9 Welding - Weld joints shall be designed to satisfy the reliability, 
maintainability, environmental, safety structure, and leakage constraints of 

and MIL-STD-1595. 
JSC 19649, JSC 30213, HSFC-SPEC-504, HSFC-STO-506, HSFC-SPEC-560, HSFC-STD-655 

3.3.3 Contamination Control 

a. Materials Contamination - Equipment or materials sensitive to con- 
tamination shall be handled in a controlled environment. Fluids and 
materials shall be compatible dith the combined environment in which 
they are employed. 

1 )  Materials exposed to space vacuum shall meet the requirements of 
SP-R-0022, for vacuum outgassing. 

2) Exterior materials shall consider atomic oxygen effects, as 
specified i n  3.2.7.1.4. 
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b. Corrosion Prevent ion and Cont ro l  - Mater ia ls ,  processes, and protec-  

t i v e  t reatments s h a l l  be i n  accordance w i t h  MIL-STD-1568, exc lud ing 

sect ions p e c u l i a r  t o  co r ros ion  c o n t r o l  t echn ica l  order .  The use o f  

d i s s i m i l a r  metals s h a l l  be i n  accordance w i th  UIL-STD-889. St ress 

corros ion c o n t r o l  s h a l l  be as s p e c i f i e d  i n  MSFC-STD-522. 

c. Cleanliness - The surfaces which contac t  system pressurrants  s h a l l  

be c lean i n  accordance w i t h  MIL-STD-419, MIL-STD-767 and 

MIL-STD-1522. 

3.3.4 In te rchangeab i l i t y  and R e p l a c e a b i l i t y  - A l l  rep laceable p a r t s  o r  assem- 

b l i e s  having the same p a r t  number s h a l l  be d i r e c t l y  and completely i n t e r -  

changeable w i t h  respect  to i n s t a l  l a t i o n  and performance. The replacement o f  

interchangeable p a r t s  o r  modules, as app l i cab le ,  s h a l l  r e q u i r e  a minimum of  

mechanical realignment o r  replacement o f  mat ing or a d j o i n i n g  assemblies. 

I n te rchangeab i l i t y  requirements s h a l l  no t  apply  t o  permanent assemblies such 

as welded, potted, encapsulated, o r  matched d e t a i l  pa r t s .  

3.3.5 I d e n t i f i c a t i o n  and Uarking - Items s h a l l  be i d e n t i f i e d  and marked i n  

accordance w i t h  MIL-STD-130. Paper decals and rubber stamping s h a l l  n o t  be 

used f o r  equipment l a b e l i n g .  

3.3.6 Workmanship - The r e s i s t o j e t  assembly s h a l l  be fab r i ca ted  and f i n i s h e d  

i n  a thorough, workmanlike manner. P a r t i c u l a r  a t t e n t i o n  s h a l l  be g iven t o  

freedom from blemishes, defects ,  burrs ,  and sharp edges; accuracy o f  dimen- 

s ions and r a d i i  o f  f i l l e t s ;  marking o f  par ts ;  thoroughness o f  c leaning;  neat-  

ness of welding, r i v e t i n g ,  sur face f i n i s h e s ,  and w i r i n g  al ignment of par ts ;  

t igh tness  of threaded fasteners;  and thoroughness o f  mechanical fas tener  and 

l o c a l  w i r e  assemblage. 



3.3.7 Human/Robotics Performance and Ensineer ing - The use o f  t e leopera to r  o r  

robo t i c  devices s h a l l  be considered i n  the  design. P a r t i t i o n s ,  wa l l s ,  and 

c loseout  s t ruc tu re ,  as appropr ia te,  s h a l l  be designed t o  be arranged on-orb i t  

t o  accomnodate Space S t a t i o n  growth, maintenance, and access t o  power d i s t r i -  

bu t i on  items. The connections of power d i s t r i b u t i o n  i tems r e s i d i n g  i n  and 

at tached t o  secondary s t r u c t u r e  sha l l  be designed t o  be made and broken w i t h  

minimal crew e f f o r t  and t i m e .  Attached hardware s h a l l  permi t  r e l a t i v e l y  easy 

equipment reconf i g u r a t i o n .  The r e s i s t o j e t  assembly s h a l l  comply w i th  t h e  

general requirements f o r  con t ro l s ,  labe l ing ,  work space, design requirements, 

m a i n t a i n a b i l i t y ,  hazards, and sa fe ty  c r i t e r i a  s p e c i f i e d  i n  HIL-STD-1472. 

3.4 L o q i s t i c s  

3.4.1 Maintenance - 'The r e s i s t o j e t  assembly s h a l l  be designed t o  be main- 

ta ined a t  t he  l e v e l s  spec i f i ed  i n  JSC 30203 and JSC 30207. 

3.4.2 Supply - A program f o r  supply support  s h a l l  be planned t h a t  w i l l  ensure 

system a v a i l a b i l i t y .  A l l  l e v e l s  o f  maintenance s h a l l  be supported w i t h  spare 

ORUs i n  a manner t h a t  provides support o f  opera t iona l  t i m e  cons t ra in t s ,  

ensures t i m e l y  recyc le  o f  f a i l e d  items t o  serv iceable stocks, and accomplishes 

t h i s  support  a t  minimum p r a c t i c a l  r i s k  and cos t .  

3.5 Personnel and T ra in ing  - Logis t ic :  support  s h a l l  be provided f o r  t r a i n -  

i n g  opera t iona l  and maintenance personnel and f o r  p rov id ing  t r a i n i n g  equipment 

needed t o  support the Space S t a t i o n  program through i t s  i i f e  cyc le .  L o g i s t i c s  

requirements s h a l l  be provided f o r  i n t e g r a t i o n  i n t o  the  f l i g h t  crew t r a i n i n g .  

Personnel and t r a i n i n g  s h a l l  include, bu t  n o t  be l i m i t e d  t o ,  the  f o l l o w i n g  

f u n c t i o n a l  a c t i v i t i e s :  

a. Development o f  personnel t r a i n i n g  p lan  

b. Def in ing  t r a i n i n g  equipment and devices 
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c. Production of training data and equipment hardware and software 

d. Identification of personnel and skill level requirements 

e. Identification of skill level and training requirements for ground- 
based organizational intermediate and depot level maintenance 

f. Identification of the on-orbit skills and training requirements for 
on-orbi t organ1 zational and intermediate level maintenance 

3.6 Interface Requirements - Interfaces between the resistojet assembly and 
the other work packages shall be as specified in TBD. The interfaces are at 
the subsystem and work package level. Refer to 6.1.4. 



4. VERIF ICATION 

4.1 General - Inspect ions t h a t  cons is t  of examinations, demonstrations, 

t e s t s ,  and analyses s h a l l  be conducted du r ing  t h e  design and development t o  

prov ide assurance o f  compliance w i t h  t h e  requirements o f  t h i s  s p e c i f i c a t i o n .  

Proof o f  meeting the  q u a l i t y  conformance inspect ions as spec i f i ed  he re in  s h a l l  

c o n s t i t u t e  q u a l i f i c a t i o n .  Data and t e s t  r e s u l t s  from development, i n teg ra ted  

tes ts ,  and p r e q u a l i f i c a t i o n  programs s h a l l  support  analyses he re in  f o r  formal 

q u a l i f i c a t i o n .  These programs s h a l l  be as fo l l ows :  

a. Development Tests - The s u i t a b i l i t y  o f  the  r e s i s t o j e t  assembly f o r  

use on the  Space S ta t i on  by means o f  ground- level  t e s t s  s h a l l  be 

v e r i f i e d  by development tes ts .  These t e s t s  may be conducted a t  the 

component l e v e l .  

b. l n teq ra ted  System Test - In tegra ted  t e s t s  s h a l l  be conducted us ing a 

t e s t  con f i gu ra t i on  formed by combining one o r  more po r t i ons  o f  t he  

r e s i s t o j e t  assembly. 

c .  P r e - Q u a l i f i c a t i o n  Program - The p r e - q u a l i f i c a t i o n  program s h a l l  be 

s t ruc tu red  t o  demonstrate compliance w i t h  r e s i s t o j e t  assembly 

requirements. 

4 . 1 . 1  R e s p o n s i b i l i t y - f o r  Verifica$io_n- - The Contractor  s h a l l  be responsib le  

f o r  t h e  performance o f  a l l  inspect ions i n  accordance w i t h  t h i s  s p e c i f i c a t i o n .  

The procur ing  a c t i v i t y  reserves the r i g h t  t o  perform any of  the s p e c i f i e d  

inspec t ions  a t  t he  Cont rac tor ' s  s i t e  o r  o the r  s i t e s .  

4.1.2 ---- V e r i f i c a t i o n  -___ Methods - Q u a l i f i c a t i o n  s h a l l  be by s i m i l a r i t y ,  analy-  

s i s ,  inspec t ion ,  demonstration, and/or t e s t  as def ined i n  TBD which shows the  

r e l a t i o n s h i p  between the Sect ion 3 requirements and the  v e r i f i c a t i o n  requ i re -  

ments o f  Sect ion 4 o f  t h i s  spec i f i ca t i on .  
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4.1.2.1 V e r i f i c a t i o n  D e f i n i t i o n  - S i m i l a r i t y ,  ana lys is ,  inspec t ion ,  demon- 

s t r a t i o n .  and t e s t  s h a l l  be as fo l l ows :  

a. S i m i l a r i t y  - A component may be v e r i f i e d  by s i m i l a r i t y  i f  t he  same 

p a r t  has been q u a l i f i e d  f o r  a s i m i l a r  app l i ca t i on .  I f  a l l  o f  the 

requirements have n o t  been v e r i f i e d  i n  t h i s  p r i o r  v e r i f i c a t i o n ,  i t  

s h a l l  on ly  be necessary t o  demonstrate these de f i c ienc ies .  

b. Analysis - V e r i f i c a t i o n  by ana lys i s  s h a l l  be t h e  process of u t i l i z -  

i n g  ana ly t i ca l  techniques t o  v e r i f y  t h a t  performance and/or env i ron-  
mental requirements a re  s a t i s f i e d .  V e r i f i c a t i o n  through ana lys is  

s h a l l  be used when v e r i f i c a t i o n  by t e s t  is n o t  poss ib le ,  when t e s t  

introduces s i g n i f  i c a n t  r i s k  i n t o  t h e  r e s i s t o j e t  assembly, o r  when 

analys is  i s  an appropr ia te,  c o s t - e f f e c t i v e  method o f  v e r i f i c a t i o n .  

I n  order f o r  a requirement t o  q u a l i f y  f o r  v e r i f i c a t i o n  by ana lys is ,  

a l l  o f  the f o l l o w i n g  c r i t e r i a  s h a l l  be s a t i s f i e d :  

V e r i f i c a t i o n  by inspec t ion  i s  inadequate. 

V e r i f i c a t i o n  by s i m i l a r i t y  i s  app l i cab le .  

V e r i f i c a t i o n  by t e s t  c a r r i e s  h igh  r i s k  o f  damage/contamination 

o f  f l i g h t  hardware. 

Analysis techniques t h a t  a re  r igorous  and w e l l  understood are 

ava i lab le .  

V e r i f i c a t i o n  by t e s t  i s  no t  f e a s i b l e  and/or cos t  e f f e c t i v e .  

Analysis models s h a l l  be w e l l  known o r  v e r i f i e d  by t e s t  data.  



c. Inspection - Inspection shall be an element of verification consist- 
ing of investigation, without the use of special laboratory require- 
ments, and shall be generally nondestructive and shall include (but 
not be limited to) visual inspection, simple physical manipulation, 
gauging, and measurement. 

d. Demonstration - Demonstration shall be an element of inspection that 
is limited to readily observable functional operation to determine 

. compliance with requirements. This element of inspection does not 
require the use of special equipment or sophisticated 
i ns t rumen ta t i on. 

e. Test - Test shall be an element of inspection that employs technical 
means including (but not limited to) the evaluation o f  functional 
characteristics by use of special equipment or instrumentation, 
simulation techniques and the application of established principles 
and procedures to determine compliance with requirements. 1 he 
analysis of data derived from test shall be an integral part of this 
inspection. 

4.1.3 Relationship to Management Reviews - To support the several management 
reviews, the requirements specified herein shall have been demonstrated to the 
extent defined below. 

a. preliminary Design Review 

1 )  similarity - Generic test data shall have been validated and 
the delta qualification program defined. 

2) Analysis - Preliminary analyses validating the capability of 

the item to fulfill the requirements specified herein shall 
have been completed. 
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b. Critical Design Review 

I .  1 )  Similarity - Sufficient development tests shall have been con- 
ducted to demonstrate the capability of satisfactorily complet- 
ing the delta qualification program. 

4 

2) Analysis - The preliminary analyses shall have been updated 
4 utilizing development test data. 

3) Inspection - All components tested shall have been inspected 
and verified to meet the design requirements. 

4) Demonstration - Those requirements that are to be verifted by 
demonstration shall have been demonstrated utilizing develop- 
ment hardware representative of the flight hardware or suitable 
simulators. 

. 
5) Test - Sufficient development tests shall have been completed 

to demonstrate capability to meet the requirements herein. 

c. Final Qualification Review 

1 )  Similarity - All of the delta qualification testing shall have 
been completed. 

2) Analysis - All analyses shall have been completed utilizing 
data from the appropriate development and qualification test 
programs. 

3) Inspection - All hardware and software utilized in the qualifi- 
cation program shall have been verified to conform to all of 
the design requirements. . 



. 

. 

4) Demonstration - Those requirements t h a t  a re  t o  be v e r i f i e d  by 

demonstration s h a l l  have been va l i da ted  u t i l i z i n g  development 

hardware o r  s imulators  representa t ive  o f  t he  f l i g h t  hardware. 

5 )  - Test - A l l  d e l t a  q u a l i f i c a t i o n  and q u a l i f i c a t i o n  t e s t i n g  s h a l l  

have been completed. 

4.1.4 Test and Equipment Fa i l u res  - The design o f  each t e s t  a r t i c l e  s h a l l  

inc lude a f a i l u r e  mode and e f fec ts  analys is  and maintenance ana lys is .  These 

analyses s h a l l  inc lude l i m i t s  and r e s u l t i n g  d i s p o s i t i o n  of  t e s t  r e s u l t s  and 

t e s t  a r t i c l e s .  Any f a i l u r e  t h a t  occurs ou ts ide  o f  these l i m i t s  s h a l l  be 

handled i n  accordance w i t h  the  Contractor 's  approved F a i l u r e  Analysis and 

Repor t ing System and the NASA Problem Report ing and Cor rec t ive  Ac t ion  System. 

4.1.5 V e r i f i c a t i o n  of Uwlanned Equipment Uses - Equipment s h a l l  be used f o r  

per forming the  s p e c i f i c  tasks f o r  which i t  was designed and va l ida ted .  Any 

o the r  usage requ i res  approval o f  the c o n f i g u r a t i o n  c o n t r o l  board per  the  Con- 

f i g u r a t i o n  Management Plan No. (TBD) and subsequent formal v a l i d a t i o n  f o r  t h i s  

new usage. 

4.2 V e r i f i c a t i o n  Requirements 

4.2.1 Hardware V e r i f i c a t i o n  

4.2.1.1 Development - S u f f i c i e n t  t e s t s  s h a l l  have been conducted du r ing  the  

development phase of  the  program t o  demonstrate the  c a p a b i l i t y  o f  t he  se lec ted  

design t o  meet a l l  design requirements. These t e s t s  a re  shown i n  the  Test and 

V e r i f i c a t i o n  Plan No. (TED) .  

4.2.1.2 Q u a l i f i c a t i o n  - The t e s t s  lo demonstrate t h a t  the r e s i s t o j e t  assembly 

w i l l  meet i t s  performance and design requirements under the  an t i c ipa ted  opera- 

t i o n s  environments a re  shown i n  TBO. 
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4.2.1.3 Acceptance Test - The tests which will demonstrate that the resisto- 
jet assembly is ready for acceptance by the government are shown in TBD. 

4.2.1.4 Integrated Systems - The tests that demonstrate that the resistojet 
assembly, when integrated with other elements of the Space Station, will meet 
the mission requirements, and that the physical functional and operational 
interfaces are compatible, are shown in TBD. 

4.2.1.5 Prelaunch Checkout - Ihe tests to demonstrate launch readiness are 
shown in TBD. 

4.2.1.6 !-light and Mission Operation - The tests to verify that the resisto- 
jet assembly is only for on-orbit activation are shown in TBD. 

4.2.1.7 Postflight - Since the only time an EPS component/subsystein will be 
replaced is in the event of a failure, no postflight tests are planned. The 
tests to be conducted will be defined in the failure analysis plan and will be 
developed on an Individual basis. 

4.2.2 Software Verification 

4.2.2.1 General - Verification of operational software compliance with system 
design and operational requirements shall take place at every stage of soft- 
ware development in accordance with the NASA Lewis Research Center Space 
Station Software Management Plan. A s  applicable, software verification shall 
be by formal inspection and/or testing, with each development stage terminated 
with the reviews delineated in 4.2.2.3. Test plans, reports, and other docu- 
mentation shall be prepared and submitted in accordance with a LeRC-approved 
lest and Verification Plan. 



4.2.2.2 Tes t ing  

. 

e 

4.2.2.2.1 Development Tes t ing  - V e r i f i c a t i o n  o f  t h e  proper  f u n c t i o n  o f  coded 

sof tware u n i t s  du r ing  t h e  development phase s h a l l  be by opera t iona l  t e s t i n g  on 

t h e  hos t  development computer, w i t h  t e s t  r e s u l t s  documented i n  accordance w i t h  

the Test and V e r i f i c a t i o n  Plan. 

4.2.2.2.2 I n t e g r a t i o n  Tes t ing  - V e r i f i c a t i o n  o f  t h e  proper  f u n c t i o n  o f  coded 

sof tware -dur ing the  i n t e g r a t i o n  phase s h a l l  be by opera t iona l  t e s t i n g  on the  

t a r g e t  processor, u t i l i z i n g  a m i x  o f  hardware and sof tware s imu la t ions  f o r  any 

po r t i ons  o f  t h e  complete system t h a t  a r e  n o t  p h y s i c a l l y  connected t o  the  t e s t  

con f i gu ra t i on .  

4.2.F.3 Reviews - A l l  opera t iona l  software s h a l l  be sub jec t  t o  a ser ies  o f  

formal reviews. These Shd l l  be i n  accordance w i t h  t h e  LeRC Software Manage- 

ment Plan, and, f o r  each program i d e n t i f i e d  as a Computer Software Conf igura- 

t i o n  I t em (CSCI), s h a l l  inc lude the fo l low ing :  

a. 

b.  

C .  

d. 

e. 

f .  

9. 
h. 

System Software Requirements Review 

C S C I  Requirements Review 

Pre l im inary  Design Review 

C r i t i c a l  Design Review 

F i r s t  A r t i c l e  Conf igurat ion Inspec t ion  

Customer Inspec t ion  

CSCI  Test Review (Software System Test Review) 

CSCI  Acceptance Review 

4.2.2.4 Formal V e r i f i c a t i o n  - Formal v e r i f i c a t i o n  s h a l l  occur f o r  a l l  

d e l i v e r a b l e  sof tware p r i o r  t o  the f i n a l  acceptance review. Corresponding 

documentation s h a l l  be i n  accordance w i t h  the  l e s t  and V e r i f i c a t i o n  Plan. 
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4.2 .2 .5  Independent V a l i d a t i o n  - Independent V e r i f i c a t i o n  and V a l i d a t i o n  

( I V W )  s h a l l  be app l ied  t o  those sof tware u n i t s  designated by LeRC by an 

a c t i v i t y  separate f rom the  sof tware development a c t i v i t y .  

4.2 .2 .6  O u a l i f i c a t i o n  - Q u a l i f i c a t i o n  o f  any C S C I  f o r  f l i g h t  readlness s h a l l  

be by formal q u a l i f i c a t i o n  t e s t i n g  i n  accordance w i th  t h e  Test and V e r i f i c a -  

t i o n  Plan. 

4.2 .2 .7  Acceptance - Conclusion of q u a l i f i c a t i o n  t e s t i n g  and complet ion o f  

t h e  acceptance review s h a l l  c o n s t i t u t e  NASA acceptance o f  t h e  C S C I .  

s h a l l  be by  means o f  a magnetic tape con ta in ing  t h e  source code, a long w i th  

a l l  associated documentation. 

De l i ve ry  

4 .2 .2 .8  Prelaunch Checkout - Prelaunch checkout o f  a l l  f l i g h t  sof tware s h a l l  
be conducted p r i o r  t o  f i n a l  preparat ions f o r  launch. It s h a l l  cons i s t  o f  

exe rc i s ing  t h e  software i n  t h e  t a r g e t  hardware i n  accordance w i t h  t h e  Test and 

V e r i f i c a t i o n  Plan. 

4 . 2 . 2 . 9  On-orbi t  - On-orb i t  checkout o f  sof tware s h a l l  c o n s i s t  o f  exe rc i s ing  

t h e  b u i l t - i n  t e s t  f unc t i ons  t h a t  a re  i n  random access memory (RAM) and i n  read 

o n l y  memory (RON), and s h a l l  be conducted whenever programs a re  reloaded, 

processors restar ted,  o r  upon comnand from the  S t a t i o n  operat ions management 

system (OMS) ,  v ia  the  DMS. 

4 . 3  V e r i f i c a t i o n  Reference Index - The reference between t h e  Sect ion 3 

requirements and the  v e r i f i c a t i o n  method i s  presented i n  TBD. 

4 . 4  Test Support Requirements 

4.4.1 F a c i l i t i e s  and Equipment 

a. Ex i s t i ng  f a c i l i t i e s  and equipment w i t h i n  NASA o r  o the r  government 

agencies and cont rac tors  w i l l  be u t i l i z e d  t o  t h e  maximum ex ten t  

p r a c t i c a l .  
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b. A c t i v a t i o n  and opera t i on  plans i n v o l v i n g  t e s t  f a c i l i t i e s  and equip- 

ment, personnel, procedures, and saf  e t y  r e q u i  rements w i  11 be pre- 

pared i n  accordance w i th  the requirements o f  t h e  Test and V e r i f i c a -  

t i o n  Plan. 

c. Wherever feas ib le ,  t h e  t e s t  f a c i l i t i e s  and equipment s h a l l  i n c o r -  

po ra te  standard mechanical, phys i ca l ,  and u t i l i t y  i n t e r f a c e s  t o  

f a c i l i t a t e  m u l t i - f a c i l i t y  c o m p a t i b i l i t y  and u n i f o r m i t y  o f  t e s t  

_. r e s u l t s .  

d. A l l  t e s t  equipment w i l l  be q u a l i f i e d  and/or c e r t i f i e d  t o  ensure t h a t  

no damage o r  degradat ion w i l l  be in t roduced i n t o  t h e  hardware being 

tes ted .  The t e s t  r e s u l t s  s h a l l  n o t  i n c l u d e  t e s t  equipment e r r o r .  

e. l he  accuracy of t h e  t e s t  equipment and measuring instruments s h a l l  

be v e r i f i a b l e  and t raceable t o  t h e  Na t iona l  Bureau o f  Standards and 

s h a l l  have a c u r r e n t  c a l i b r a t i o n  c e r t i f i c a t i o n  pe r iod  which i s  suf -  

f i c i e n t  t o  ensure t h a t  t h e  p a r t i c u l a r  t e s t  w i l l  be completed w i t h i n  

t h e  c a l i b r a t i o n  per iod.  C a l i b r a t i o n  s h a l l  be performed i n  accord- 

ance w i t h  NIL-C-45662A. 

4.4.2 

program: TBD 

A r t i c l e s  - The f o l l o w i n g  t e s t  a r t i c l e ;  a re  requ i red  t o  support t h e  t e s t  

4.4.3 I n t e r f a c e s  - The hardware sfid softwai-e :i itei-faies s k : :  be v e r i f i e d  i n  

accordance w i t h  t h e  ZCD Program Plan (No. TBD). 
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5 .  PREPARATION FOR DELIVERY 

5 . 1  P r e s e r v a t i o n  and Packing - A l l  r e s i s t o j e t  assembly components t o  be 

shipped s h a l l  be prepared f o r  shipment i n  accordance w i t h  MIL-9-45213. 
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6.1 

6.1.1 R e l i a b i l i t y  Proqram Plan - The con t rac to r  s h a l l  prepare a r e l i a b i l i t y  

program p lan  and implement a r e l i a b i l i t y  program i n  accordance w i th  t h e  p lan  

and t h e  requirements of JSC 30000, Sect ion 9. As a minimum, t h e  r e l i a b i l i t y  

program, as def ined i n  the  plan, sha l l  u t i l i z e  t r a d i t i o n a l  analyses (FMEAs, 

CILs, redundancy s tud ies,  t rade  studies,  e tc . )  t o  p rov ide  a support  s t r u c t u r e  

f o r  t h e  accomplishment o f  design ob jec t ives  and development planning. E x i s t -  

i n g  numerical  data bases such as tha t  o f  MIL-HDBK-217 s h a l l  be consul ted i n  

the  prepara t ion  o f  numerical evaluat ions o f  component and system performance. 

6.1.2 M a i n t a i n a b i l i t y  Program Plan - The r e s i s t o j e t  assembly s h a l l  be main- 

t a i n a b l e  i n  o r b i t .  A m a i n t a i n a b i l i t y  program i n  accordance w i th  the  requ i re -  

ments of JSC 30000, Sect ion 9, s h a l l  be incorporated i n  the  design. Mainta in-  

a b i l i t y  cons iderat ions s h a l l  be incorporated as an i n t e g r a l  p a r t  o f  t h e  

f u n c t i o n a l  and s p a t i a l  cons t ra in t s  f o r  t he  work package element. Maintaina- 

b i l i t y  requirements s h a l l  be incorporated i n  t h e  r e s l s t o j e t  assembly design. 

6.1.3 Safety  Program Plan - A sa fe ty  program s h a l l  be planned and imple- 

mented. A sa fe ty  program p lan  t h a t  s a t i s f i e s  the  requirements o f  JSC 30000, 
Sect ion 9, and embodies the  requirements of NHB 1700.7 and KHB 1700.7 s h a l l  be 

prepared. 

6.1.4 I n t e r f a c e  Contro l  Program Plan - An o v e r a l l  i n t e r f a c e  c o n t r o l  program 

p lan  s h a l l  be developed. The p lan  sha l l  con ta in  the fo l l ow ing :  

a. 

b .  Preparat ion o f  requirements f o r  lCDs 

c.  l e c h n i c a l  d e s c r i p t i o n  o f  i n te r faces  

l n t e r f a c e  c o n t r o l  program procedures and responsi b i  1 i t y  

1) Hardware i n t e r f a c e s  

2) Software i n t e r f a c e s  
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6.2 Acronyms 

BOL 

C E I  

c PU 

csc I 
DMS 

EDAC 

ESA 

GFP 
6N&C 

I LS 
I / o  
I O C  

HOL 

J EM 

JSC 

KSC 

HSFC 

HTB 

HT1 R 

ORU 

PROMS 

PS 

R B I  

R PC 

SDP 

SSE 

ssu 
ST S 

TBD 

WP 

- beginning o f  l i f e  

- cont rac t  end i t em 

- computer processing u n i t  

- computer software con f igu ra t i on  i t e m  

- data management system 

- e r r o r  de tec t ion  and co r rec t i on  

- European Space Agency 

- government furn ished proper ty  

- guidance, nav igat ion,  and c o n t r o l  

- in tegra ted  l o g i s t i c s  support 

- input /output  

- i n i t i a l  o r b i t a l  con f i gu ra t i on  

- higher  order  language 

- Japanese engineer ing module 

- Johnson Space Center 

- Kennedy Space Center 

- Marshall  Space F l i g h t  Center 

- mean t i m e  between f a i l u r e s  

- mean t i m e  t o  r e p a i r  

- o r b i t a l  replacement u n i t s  

- programnable read on ly  memories 

- power source processor 

- remote bus i n t e r f a c e  ( u n i t s )  

- remote power con t ro l  ( u n i t )  

- standard data processor 

- software support environment 

- sequent ia l  shunt u n i t  

- space t ranspor ta t ion  system 

- t o  be determined 

- work package 

5027e/bes 

I 86 



1. Report No. 
NASA CR-179581 

7. Author@) 
Bruce J. Heckert 

2. Government Accesslon No. 

9. Per fmlng  Organlzatlon Name and Address 

Rocketdyne D iv l s lon  
Rockwell I n te rna t i ona l  Corporat lon 
6633 Canoga Avenue 
Canoga Park, C a l l f o r n i a  91304 

Nat ional  Aeronautics and Space Admin is t ra t ion  
Lewis Research Center 
Cleveland, Ohio 44135 

12. Sponeorlng Agency Name and Address 

17. Key Words (Suggested by Author@)) 

Res i s t o j e t s  
Space S t a t i o n  propuls ion 
Elect rothermal  propuls ion 

3. Reclplent’s Catalog No. 

18. Dlstrlbutlon Statement 
Unc lass i f i ed  - un l im i ted  
STAR Category 20 

5. Report Date 
February 1987- 

19. Security Classlf. (of thls report) 

Unc lass  i f i ed 

6. Performlng Organlzatlon Code 

20. SmurltY Classif. (of thls page) 21. No. of pages 22. Price’ 

Unc 1 ass i f i ed 91 A05 

8. Performing Organlzatlon Report NO. 
RI/RD87-109 

IO. Work Unlt No. 

481 -02-02 

11. Contract or Grant No 

NAS3-24658 

13. T pe of Report and Perlod Covered tent rac t o r  Report 
I n t e r i m  

14. Sponsorlng Agency Code 

15. Supplementary Notes 
Task Manager, Robert R. Taclna, Operations and Special  Pro jects  D iv is ion ,  NASA 
Lewis Research Center. 

IS. Abstract 
An i n i t i a l  study of the resistojet assably was conducted. Preliminary design requirements were 
established based upon i n i t i a l  technical requirements inposed by the results of NASA studies and 
Rocketdyne studies. The requirenrents are directed toward long l i fe ,  sinplicity, f lex ib i l i ty ,  and 
annmali ty with other Space Station carponents. The resistojet assehly i s  c4nprised of eight resis- 
tojets, f l u id  canponents downstreanr of the waste f lu id  storage system, a parer controller, structure, 
and shielding. 
Each subas-ly consists of four 5oo-w resistojets, series redundant latch valves, a parer controller, 
a water vaporizer, two pressure regulators, f i l ters ,  check valves, disconnects, f lu id  tubing, and 
electrical cables. A l l  conponents are packaged at  the end of the stinger a f t  of the JEH and Colutbus 
noatles. Different flow and parer control methods were studied. A constant in le t  pressure and a two- 
parer setting controller were tentatively selected based upon simplicity and reasonably high specific 
inpulse for the range of  waste gas canpositions that are anticipated. The constant pressure i s  s u p  
plied by pressure regulators. The two set point parer control includes individual parer supplies to  
each resistojet heater and water vaporizer. An embedded data processor, a mltiplexer4emltiplexer, 
and a network interface unit that are standard Space Station canponents are included i n  the parer con- 
t ro l ler .  The total dry weight o f  the resistojet assembly i s  approximately 172 lb. The total cost for 
design, develapnent, test, evaluation, qualification, and f l igh t  harcbare i s  estimated to be 
$16 million. 

The assably consists of two identical subasseablies, one of which i s  redundant. 


